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IMPROVEMENT OF LOW-COST HOUSING IN TONGA
TO WITHSTAND HURRICANES AND EARTHQUAKES 
I .  INTRODUCTION
BACKGROUND
As H u r r i c a n e  I s a a c  has re c e n t ly  demonstrated, the m a jor ity  o f  
T o n g a n s  r e s i d e  in houses vulnerable  to  damage from h u rr ican es .  Many 
b u i l d i n g s  a r e  a l s o  v u ln era b le  to  earthquakes. The m ajor ity  o f  the 
p e o p l e  r e s i d e  in non-engineered b u i ld in g s ,  i . e . ,  b u ild in gs  con stru c­
t e d  by th e  o wn e r s  o r  by l o c a l  b u i ld in g  tradesmen without extensive  
a r c h i t e c t u r a l  o r  e n g i n e e r i n g  i n p u t  and with only l im ited  use o f 
d is a s te r  r e s is ta n t  co n stru ct io n  techn iques .
I s a a c  and o t h e r  r e c e n t  h u r r i c a n e s  h a v e  p laced  an enormous 
f i n a n c i a l  b u r d e n  on the country . Even with extensive  fo r e ig n  ai d ,  
r e c o n s t r u c t i o n  co s ts  w i l l  account fo r  a s iz a b le  p ort ion  o f  the annual 
b u d g e t .  A r e c o n s tr u c t io n  program represents  valuable  resources  that 
must  be  d i v e r t e d  f r o m d e v e l o p m e n t  schemes. Furthermore, as the 
c o u n t r y  m o d e r n i z e s  and t h e  i n v e s t m e n t  in housing in cre a se s ,  the 
p o te n t ia l  c o s ts  o f  re c o n s tru c t io n  grow p r o p o r t io n a l ly .
In  1979 t h e  So ut h  P a c i f i c  Bur e au  f o r  Economic Cooperation 
( SPEC) ,  in response to d is a s te r  threats  in the re g io n ,  ca l le d  fo r  the 
e s t a b l i s h m e n t  o f  d i s a s t e r  p r e p a r e d n e s s  measures. At a D isaster 
P r e p a r e d n e s s  Planning Conference in Suva in 1979, the housing se c to r  
was id e n t i f i e d  as a p r i o r i t y  area f o r  a c t io n .
In  s u p p o r t  o f  t h e s e  o b j e c t i v e s ,  INTERTECT was reta ined  by the 
O f f i c e  o f  U.S.  Foreign D isaster  A ss is ta n ce ,  Agency fo r  In tern ation a l 
D e v e l o p m e n t ,  t o  c o n d u c t  a survey o f  low -cost  housing in Tonga and 
t h r e e  o t h e r  c o u n t r i e s  to determine i t s  v u ln e r a b i l i t y  to hurricanes 
and earthquakes. The o b je c t iv e s  o f  the Tonga study were:
A. To s u r v e y  t h e  lo w -co s t  housing o f  Tonga and the con stru c­
t io n  techniques used in order to :
1. C la s s i fy  the various b u i ld in g  types , and
2. A n a l y z e  t he  r e l a t i v e  v u l n e r a b i l i t y  o f  each type o f  
b u i ld in g  to  hurricanes and earthquakes.
B. To d e t e r m i n e  design changes, improvements in the con stru c­
t i o n  p ro ce ss ,  and improvements in the use o f  l o c a l  b u i ld in g  
m a t e r i a l s  t h a t  can make the housing more wind and earth ­
quake  r e s i s t a n t ,  yet remain a f fo r d a b le  to the m a jor ity  o f  
people r e s id in g  in these b u i ld in g s .
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C. To make r e c o m m e n d a t i o n s  fo r  d issem ination  o f  in form ation
a b o u t  con stru ct ion  methods to p ro te c t  b u i ld in g s ,  in c lu d in g :
1. S h o r t - n o t i c e  o r  e m e r g e n c y  s i t u a t i o n s  ( i n c l u d i n g  
i n s t r u c t i o n s  that can be disseminated when a hurricane 
t h r e a t e n s ,  met hods  fo r  improving s a fe ty ,  and te ch n i­
q ue s  f o r  r e d u c i n g  damage and strengthening bu ild in gs  
to b e t te r  withstand hurricane and earthquake f o r c e s ) ;
2.  S e l f - h e l p  a c t i o n s  f o r  upgrad in g  e x is t in g  b u ild in gs  
t h r o u g h  l o w - c o s t  m o d i f i c a t i o n s  o r  r e t r o f i t t i n g  
measures; and
3. R e c o m m e n d a t i o n s  on how t o  in f lu en ce  the design and 
con stru ct ion  o f  new houses.
DEFINITION OF TERMS
The f o l l o w i n g  a r e  b r i e f  d e f in i t i o n s  o f  the terms used in th is  
r e p o r t :
A. D e s i g n  Change s  : t h e  process o f  a l t e r in g  the design o f  a
s t r u c t u r e  b e f o r e  i t  i s  e r e c t e d  to make i t  more d is a s te r  
r e s i s t a n t .
B. D i s a s t e r  R e s i s t a n t  C o n s t r u c t i o n : a term used to denote 
th e  d e g r e e  to which a s tru ctu re  can be made more r e s is ta n t  
t o  ( o r  s a f e  f r o m )  c e r t a i n  n a t u r a l  phenomena. The term 
r e c o g n i z e s  that no b u i ld in g  can be considered t o t a l l y  saf e ,  
b u t  t h a t  c e r t a in  steps can be taken to improve performance 
or s u r v iv a b i l i t y .
C. H o u s i n g  E d u c a t i o n : in s t r u c t i o n  fo r  homeowners or b u i ld ­
e r s  on how t o  b u i l d  a s a f e r  o r  more d is a s te r  r e s is ta n t  
house.
D. H o u s i n g  M o d i f i c a t i o n : changes in the co n f ig u ra t io n  o f  an
e x i s t i n g  b u i ld in g  to make i t  s tron g er .  M od if ica t ion s  might 
include  changing the p itch  o f  the r o o f ,  adding a room, e t c .
E. N o n - E n g i n e e r e d  B u i l d i n g s : those stru ctu res  b u i l t  e i th e r
by h o me o wn e r s  o r  by lo c a l  b u i ld in g  tradesmen such as ca r ­
p e n t e r s  and masons without formal a r c h it e c tu r a l  or engin­
e e r i n g  inputs in to  the design or con stru ct ion  p ro ce ss .  For 
th e  p u r p o s e s  o f  th is  r e p o r t ,  the term only considers  those 
s t r u c t u r e s  wh i c h  c o u l d  be c o n s id e r e d  formal houses; i t  
d o e s  n o t  in c lu d e  the temporary ou t -b u i ld in g s  o fte n  used by 
f a m i l i e s  as  rooms fo r  o ld er  boys or fo r  storage o f  b e lon g ­
ings .
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F. P r o g r e s s i v e  U p g r a d i n g : system atic improvements to e x i s ­
t i n g  b u i l d i n g s  to increase  d is a s te r  r e s is t a n c e .  Measures 
may include  m o d i f ica t io n s  and/or r e t r o f i t t i n g .
G. R e t r o f i t t i n g : t he  p r o c e s s  o f  i n s t a l l i n g  a d d i t i o n a l
s u p p o r t s  o r  a l t e r in g  components o f  an e x is t in g  b u ild in g  in 
order to make i t  more d is a s te r  r e s i s t a n t .
H. R i s k : t he  r e l a t i v e  d e g r e e  o f  p r o b a b i l i t y  that a hazar­
d o us  e v e n t  w i l l  o c c u r .  An a c t iv e  fa u lt  zone, fo r  example, 
would be an area o f  high r i s k .
I .  T r a d i t i o n a l  H o u s i n g : i n d i g e n o u s  modes  and s ty le s  o f
h o u s i n g  u s i n g  l o c a l  t r a d i t i o n s ,  s k i l l s  and techniques. 
T r a d i t i o n a l  housing can be i d e n t i f i e d  by a p a r t icu la r  s ty le  
o r  d e s i g n  o f  c o n s t r u c t i o n ,  by popular fe a tu r e s ,  and/or by 
the b u i ld in g  methods used.
J. T r a n s i t i o n a l  H o u s i n g : t r a n s i t io n a l  b u ild in g s  are s tru c ­
t u r e s  t h a t  us e  a com bin ation  o f  t r a d i t io n a l  and manufac­
t u r e d  m a t e r i a l s  ( e . g . ,  houses with wood and mat w alls  and 
corrugated iron  ( C . I . )  sheet r o o f s ) .
K. V u l n e r a b i l i t y : a c o n d i t i o n  wherein human settlem ents or
b u i l d i n g s  a r e  e x p o s e d  t o  a d i s a s t e r  by v ir tu e  o f  th e ir  
c o n s t r u c t i o n  or proxim ity  to hazardous t e r r a in .  Buildings 
a r e  c o n s i d e r e d  v u l n e r a b l e  i f  they cannot withstand the 
f o r c e s  o f  h i g h  w i n d s  o r  e a r t h q u a k e s .  Communities in 
u n p r o t e c t e d ,  low ly ing  co a s ta l  areas exposed to h u rr ican es ,  
o r  in  s e i s m i c  areas where a large p rop ort ion  o f  the s tru c ­
t u r e s  c a n n o t  w i t h s t a n d  t he  fo r c e s  o f  an earthquake, are 
considered "vu ln erab le  communities".
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I I .  RISK IN TONGA
HURRICANE RISK
Tonga  i s  s i t u a t e d  on the edge o f  one o f  the most a c t iv e  h u r r i ­
c a n e  r e g i o n s  i n  t h e  w orld . Within the la s t  decade, two hurricanes 
h a v e  s t r u c k  the is la n d .  The ca s u a lt ie s  and damage in each hurricane 
u n d e r s c o r e  the v u ln e r a b i l i t y  o f  the population  and show that a major­
i t y  o f  housing cannot withstand the fo r c e s  o f  high winds.
Hurricanes threaten housing in Tonga with:
----- Damage or co l la p s e  r e s u lt in g  from the fo r ce s
o f  high winds;
----- Inundation from storm surges (popu larly  known
as t id a l  waves) a f f e c t i n g  low ly ing  coa s ta l  
areas .
F i g u r e  2 d e p ic ts  the tracks o f  hurricanes that have struck  Tonga 
in  th e  l a s t  30 y ea rs .  Figure 3 d e p ic ts  a c r o s s - s e c t i o n  o f  a t y p ic a l  
h u r r i c a n e ,  show ing  the se c to r  o f  the storm system that produces the 
mo s t  da mag e .  I t  c an  be  s e e n  f r o m t h i s  drawing that the band o f  
d e s t r u c t i o n  c an  be  f a i r l y  wide, o f te n  spanning a diameter o f  up to 
100 m i l e s .  B e c a u s e  o f  t h e  r e l a t i v e l y  s ma l l  s iz e  o f  the is land  
g r o u p s ,  as w e l l  as  t h e  number o f  small is la n d s ,  no areas are com­
p le t e ly  safe  from high winds.
Hi gh w i n d s  can cause extensive  damage to any type o f  s tru c tu re ,  
b u t  g e n e r a l l y  l igh tw eight b u i ld in g s ,  e s p e c ia l ly  those made o f  t r a d i ­
t i o n a l  m a t e r i a l s ,  are more su sce p t ib le  to damage i f  b a s ic  hurricane 
r e s i s t a n t  b u i l d i n g  fe a tu re s  are not incorporated  in to  th e ir  design 
and c o n s t r u c t i o n .  A l t h o u g h  o l d e r  t r a d i t i o n a l  s tru ctu res  were 
g e n e r a l l y  s t r o n g  and f a i r l y  r e s i s t a n t ,  many t r a d i t io n a l  s k i l l s  and 
d e s i g n  f e a t u r e s  have been lo s t  over the years and more recent s tru c ­
t u r e s  are more vu ln era b le .  Because the m ajor ity  o f  b u ild in g s  outside  
th e  m a j o r  c i t i e s  are b u i l t  with l i t t l e  engineering in pu t, they o ften  
do not have adequate re s is ta n ce  to high winds.
EARTHQUAKE RISK
Tonga  i s  s i t u a t e d  near the northeastern  edge o f  the A ustra lian  
P l a t e ,  c l o s e  to where i t  abuts the P a c i f i c  Plate (see  Figure 4 ) .  I t  
i s  th e  r e l a t i v e  movement along th is  jo in tu re  or " f a u l t "  that causes 
the earthquakes which p e r i o d i c a l l y  a f f e c t  the country.
Earthquakes threaten housing in Tonga in three ways:
----- Forces generated by ground-shaking;
5
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----- L i q u e f a c t i o n  (This phenomenon occurs in loose ly -pack ed
s a ndy  s o i l s  having a high moisture con ten t .  When the 
s o i l s  a r e  v i b r a t e d  by an earthquake, the water moves 
upwar d  and t u r n s  t he  s o i l s  in to  a com position  l ik e  
q u i c k s a n d ,  a l l o w i n g  b u i l d i n g s  on t h e  s u r f a c e  to 
p a r t ia l l y  sink or s e t t l e . ) ;  and
----- Tsunamis ( se ism ica lly -g en era ted  sea waves).
Damage f r o m tsunam is is  o f  l i t t l e  concern to a t o l l s  due to the 
s m a l l  land area and the steep d r o p -o f f  o f  the near shore ocean f l o o r .  
( The  s m a l l  land area does not r e s i s t  the tsunamis and permit surface  
wav e s  t o  b u i ld  up. )  Risk i s  s l i g h t l y  h igher fo r  the la rger  high i s ­
lands, but o f f s h o r e  r e e f s  help  reduce the th re a t .
By l o c a t i n g  the major fa u lt  systems and examining the h is t o r y  o f  
e a r t h q u a k e s  t h r o u g h o u t  the i s la n d s ,  i t  i s  p o s s ib le  to id e n t i fy  the 
r e l a t i v e  p o te n t ia l  fo r  recurrence  o f  se ism ic a c t i v i t y .  S e ism ic ity  in 
Tonga  i s  i n f l u e n c e d  by a c t i v i t y  a l o n g  the Tonga/Kermadec trench 
s y s t e m .  Most  o f  t h e  earthquakes in th is  reg ion  occur at depths o f  
1 0 0 - 1 5 0  k i l o m e t e r s ;  th e re fo re  they are f e l t  s tron g ly  at the surface 
and r e p r e s e n t  a s i g n i f i c a n t  r i s k .  Because the is lan ds  are p a r a l le l  
and im m e d ia te ly  ad jacent to  the Tonga Trench, strong earthquakes can 
occur at any time on any o f  the i s la n d s .
The b u i l d i n g s  mo s t  s u s c e p t ib le  to damage from earthquakes are 
h e a v y  b u i l d i n g s ,  e s p e c ia l ly  m u lt i - s t o r y  s tru ctu res  and those made of 
c o n c r e t e  b l o c k  or pan els . The se ism ic h is t o r y  o f  the is lan ds  in d i ­
c a t e s  t h a t  i t  is  important to improve the q u a l i ty  o f  co n stru ct io n  of 
large b u i ld in g s  and those made from con crete  b lo c k s .
VOLCANO RISK
Many o f  th e  i s l a n d s  we r e  f o r me d  by vo lcanoes  r e s u lt in g  from 
e r u p t i o n s  a l o n g  the western r idge  o f  the Tonga Trench. As re ce n t ly  
as 1946 , t h e  i s l a n d  o f  N i u a f o ' o u  was eva cu a ted  due to v o lca n ic  
e r u p t i o n s .  Two o f  the is lan d s  formed by a c t iv e  v o lca n o e s ,  Tofua and 
N i u a f o ' o u ,  a r e  o c c u p i e d  by s ma l l  se tt lem en ts .  Only N iuafo 'ou  is  
c o n s i d e r e d  t o  h a v e  any s i g n i f i c a n t  d e g r e e  o f  r i s k ,  although an 
i n c r e a s e  i n  v o l c a n i s m  c o u l d  o c c u r  w i t h  l i t t l e  advance warning. 
F o n u a l e i  and Late, two is lan ds  that experienced v o lc a n ic  eruptions in 
the m id-1800s, are now dormant but could erupt again .
Volcanoes threaten human settlem ents in severa l ways:
----- ca taclysm ic  e ru p tion s ;
----- inundation with ash f a l l o u t ;
----- " b o mb "  damage c a u s e d  by b o u l d e r s  e je c te d  from the
vo lca n o ;
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----- lava f low s ;
-----  earth tremors;
----- f i r e s  caused by "bombs" or lava .
Of t h e s e  t h r e a t s  t h e  e a r t h  t r e m o r s  a r e  mo s t  l i k e l y  to  be 
e x p e r i e n c e d  w i t h  any frequency in Tonga and c o in c id e n ta l ly  are the 
o n l y  v o l c a n i c  threat that housing can be prepared to w ithstand. The 
t r e m o r s  a r e  s i m i l a r  to the ground motion o f  an earthquake, although 
r a r e l y  as s t r o n g .  Each is  usua lly  o f  short du ration , but they may 
o c c u r  repeated ly  f o r  long periods o f  time. Unlike earthquakes (which 
can  o f t e n  be  f e l t  m i l e s  from the e p i c e n t e r ) ,  v o lc a n ic  tremors are 
usua lly  f e l t  only f a i r l y  c lo s e  to the vo lca n o .
The p r i m a r y  danger from v o lc a n ic  tremors is  not that they would 
be so  s t r o n g  as t o  d e s t r o y  h o u s e s ,  but rather that repeated low- 
s t r e n g t h  g r o u n d - s h a k i n g  c o u l d  weaken b u i ld in g s ,  in creas in g  th e ir  
v u ln e r a b i l i t y  to earthquakes and h u rr ica n es .
As w i t h  e a r t h q u a k e s ,  the only b u ild in g s  l ik e ly  to  be a f fe c te d  
wo u l d  be t h o s e  b u i l t  o f  b l o c k  o r  c o n c r e t e  panels . Thus on the 
v o l c a n i c  i s l a n d s ,  s p e c i a l  c a r e  should be taken to use earthquake 
r e s i s t a n t  co n stru ct io n  techniques in any new co n stru ct io n  with these 
m a t e r ia ls .
ESTABLISHING PRIORITY AREAS FOR VULNERABILITY REDUCTION
As a general r u le ,  comprehensive v u ln e r a b i l i t y  redu ction  e f f o r t s  
s h o u l d  be i n i t i a t e d  in areas where there are ce r ta in  in d ic a to r s  that 
s uc h  e f f o r t s  w i l l  succeed . Among the in d ica to rs  are areas where new 
c o n s t r u c t i o n  i s  occu rr in g  (such as towns), areas where a g r ic u l tu r a l  
a c t i v i t i e s  a r e  strong and where m igration  from rural to urban areas 
i s  m i n i m a l ,  and areas where a threat from a d is a s te r  is  perceived  as 
b e i n g  a m a j o r  p r o b l e m  t o  t h e  m a j o r i t y  o f  homeowners w ith in  the 
r e g i o n .  Thus by examining demographic trends and d e n s ity ,  and areas 
o f  e c o n o m i c  g r o w t h ,  p r i o r i t y  areas fo r  e s ta b l is h in g  v u ln e r a b i l i t y  
redu ct ion  e f f o r t s  can be i d e n t i f i e d .
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III. VULNERABILITY ANALYSIS OF TONGAN LOW-COST HOUSES
The purpose o f  th is  chapter is  to  id e n t i fy  the most common types 
o f  l o w -c o s t  houses, to id e n t i fy  the s tru c tu ra l  problems o f  each type, 
and t o  determ ine  th e ir  r e la t iv e  v u ln e r a b i l i t y  to both high winds and 
e a r t h q u a k e s .  O p t i o n s  f o r  improving the s tru c tu ra l  performance o f  
each b u ild in g  type are then con s id ered .
DETERMINANTS OF VULNERABILITY
The e x t e n t  t o  w h i c h  a h o u s e  i s  v u l n e r a b l e  to a d is a s te r  is  
d e t e r m i n e d  by fo u r  fa c t o r s :  design and co n f ig u ra t io n  o f  the house;
q u a l i t y  o f  workmanship; strength o f  the m ateria ls  used; and r e la t iv e  
s a f e t y  o f  t h e  s i t e .  In g e n e r a l ,  b u i l d i n g s  made o f  l ightw eight 
m a t e r i a l s  a r e  more  s u s c e p t i b l e  t o  damage from high winds, while 
b u i l d i n g s  made o f  h e a v i e r  m a t e r i a l s  ( s u c h  as b lock  or concrete  
panels) are more s u sce p t ib le  to damage from earthquakes.
V u ln e r a b i l i ty  to hurricanes is  determined by:
----- c o n f ig u ra t io n  o f  the b u i ld in g ;
----- co n f ig u ra t io n  o f  the r o o f ;
----- angle o f  the r o o f  (a 30-45° angle is  b e s t ) ;
----- how w ell  the b u i ld in g  is  t ie d  tog e th er ;
----- how secu re ly  the r o o f  is  t ie d  to the wal l s ;
----- how w ell  the b u i ld in g  is  anchored to the ground.
Thus the b u i ld in g s  most vu lnerab le  to hurricanes are l ightw eight 
s t r u c t u r e s  w i t h  wood frames, e s p e c ia l ly  o ld er  b u i ld in g s  where wood 
h a s  d e t e r i o r a t e d  and we a k e n e d  the wa l l s .  Houses made o f  unrein­
forced  or p o o r ly -co n s tru c te d  con crete  b lock  are a lso  vu ln era b le .
R o o f  c o n f i g u r a t i o n  and co n s tru ct io n  are very important c o n s i ­
d e r a t i o n s  f o r  a l l  ty p e s  o f  housing . I f  the r o o f  i s  not adequately 
a t t a c h e d  and b r a c e d ,  and has  a l a r g e  o v e r h a n g i n g  eave , i t  is  
p o t e n t ia l ly  the weakest part o f  the house.
V u l n e r a b i l i t y  o f  housing to earthquakes is  determined by many o f  
t h e s e  same f a c t o r s ,  plus severa l o th e rs .  In a d d it io n  to co n f ig u ra ­
t io n  and s tru c tu ra l  i n t e g r i t y ,  other determinants are:
----- S ite  (should be f l a t  with s ta b le  s o i l s )
----- Foundation (should be strong and l e v e l )
B a l a n c e  ( p a r a l l e l  w a l l s  should be o f  equal s iz e  and 
w e igh t)
----- C e n t e r  o f  Gravity (w alls  should be low; r o o f  should be
l ig h tw e ig h t )
----- R e i n f o r c e m e n t  i n  the Walls (adequate v e r t i c a l ,  h o r i ­
z o n t a l  and d i a g o n a l  r e in fo r c in g  should be placed in 
each wal l )
In a rea s  o f  se ism ic a c t i v i t y ,  the most vu lnerab le  houses are the 
u n r e i n f o r c e d  or p o o r ly -co n s tru c te d  con crete  b lo ck  and concrete  panel 
b u i l d i n g s .  T h e o r e t i c a l l y ,  these types o f  housing should be f a i r l y  
e a s y  t o  r e i n f o r c e  to a b a s ic  standard o f  earthquake r e s is t a n c e ,  and 
some b l o c k  h o u s e s  do use adequate iron  re in forcem en t.  However, the 
q u a l i t y  o f  the b locks  in many areas and the workmanship and d e t a i l in g  
are very poor ; thus some b u ild in g s  may be p a r t i c u la r ly  v u ln era b le .
A g a i n ,  i t  i s  i m p o r t a n t  t o  r emember  t h a t  " r i s k "  means the 
c h a n c e  t h a t  some t y p e  o f  e v e n t  l i k e  a hurricane might s tr ik e  an 
a r e a ;  " v u l n e r a b i l i t y "  r e f e r s  t o  the p o s s i b i l i t y  o f  a b u i ld in g  or 
s e t t l e m e n t  b e i n g  damaged by that event. Thus, i f  a strong b u ild in g  
is  s i t e d  in a high r is k  area , i t  may not be v u ln era b le .
COMMON BUILDING FEATURES
A. Features and P ra c t ice s  Which Reduce V u ln e r a b i l i ty
1« Hi p p e d  R o o f s : Many b u i l d i n g s ,  e s p e c i a l l y  t r a d i t io n a l
f a l e s  and o ld er  wood frame houses, use "h ipped" ro o fs  which 
o f f e r  e x c e l le n t  p r o te c t io n  in high winds. Continued use o f  
hipped r o o f  co n f ig u ra t io n s  should be encouraged.
2. H u r r i c a n e  S t r a p s : In many b u i l d i n g s ,  the p r a c t ic e  o f
u s i n g  m e t a l  s t r a p s  and o t h e r  d ev ices  to fa s ten  the r o o f  
t r u s s e s  t o  the b u i ld in g  is  f a i r l y  common. In recent years 
t h i s  p r a c t i c e  seems  t o  have gained more a cceptan ce ,  and 
planners should encourage increased  use o f  these measures.
3. Sma 11 Eave  s : The r o o f s  o f  many fa le s  p r o je c t  only a few
i n c h e s  o v e r  t he  s i d e s  o f  the wa l l s .  This reduces u p l i f t  
u n d e r  t h e  e a v e s  and damage to the r o o f .  Where shading is  
r e q u i r e d  f o r  windows, breakaway awnings can be used, as is  
the p r a c t ic e  in many o f  the o ld er  wooden homes.
4. V e n t e d  R o o f s : V e n t e d  r o o f s ,  such as the one i l lu s t r a t e d
on th e  f o l l o w i n g  page, provide e x c e l le n t  hurricane r e s i s -
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1tance as long as the vents are sealed  during high winds.
5. Low C e n t e r  o f  G r a v i t y : Many ea r ly  b u ild in g s  were b u i l t
so  t h a t  t h e  w e i g h t  o f  the s tru ctu re  was d is t r ib u te d  with 
h e a v i e r  co n stru ct io n  m ateria ls  at the base and p ro g r e ss iv e ­
l y  l i g h t e r  m ateria ls  as the height in creased . In part th is  
was due to a r c h it e c tu r a l  and engineering  techniques o f  that 
p e r i o d .  The p r a c t ic e  helps  p ro te c t  against earthquakes and 
h u rr ica n es ,  and should be encouraged.
B. Features and P ra c t ice s  In creas in g  V u ln e r a b i l i ty
1. F l a t  o r  S l i g h t l y  P i t c h e d  R o o fs : In recent years f l a t  or
" s h e d "  r o o f s  h a v e  become popular. This co n f ig u ra t io n  is  
e s p e c i a l l y  v u l n e r a b l e  t o  damage in h u rr ica n es .  The low 
p i t c h  i n c r e a s e s  s u c t i o n  and u p l i f t i n g  f o r c e s ,  and the 
n o r m a l l y  l a r g e  overhang a sso c ia te d  with th is  type o f  r o o f  
lends i t s e l f  to u p l i f t i n g  at the edges.
2. L o u v e r e d  W i n d o w s : L o u v e r e d  windows, p a r t i c u la r ly  those
made o f  g l a s s  o r  fl im sy  m etal, can be dangerous in h u r r i ­
c a n e s .  V i b r a t i o n s  c a u s e d  by high winds can o fte n  cause 
m e t a l  f a t i g u e ,  d e s t r o y i n g  t h e  l o u v e r s  and perm itting  
e x c e s s i v e  amo unt s  o f  wi nd  t o  e n t e r  t h e  h ou se .  Glass 
l o u v e r s  can be shattered  by f l y in g  d e b r is ,  in ju r in g  persons 
i n s i d e  t h e  h o u s e .  I f  l o u v e r s  are  used, storm shutters  
should be added.
3. V e r a n d a  s : V erandas  or open porches are a popular fea ture
on many houses . Many o f  the designs used fo r  verandas con­
t r i b u t e  t o  wi nd  d a ma g e ,  p a r t i c u l a r l y  i f  the veranda is  
f o r me d  by e x t e n d i n g  the main p or t ion  o f  the r o o f  over the 
e d g e  o f  t h e  h o u s e .  Br e aka wa y  v e r a n d a s ,  such as those 
i l lu s t r a t e d  in other parts o f  th is  r e p o r t ,  should be used.
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4. C o n c r e t e  P i e r s : Many o f  the smaller wood frame bu ild in gs
a r e  p l a c e d  on sh ort  con crete  p o s ts .  In some ca ses ,  there 
i s  some p r o v i s i o n  fo r  anchoring the frame to the p ie r ,  but 
u s u a l l y  t h e  b u ild in g  simply re s ts  on the p o s ts .  In h u r r i ­
c a n e s ,  fa s t -m o v in g  turbulent a ir  can pass under the s tru c ­
t u r e ,  l i f t i n g  i t  o f f  i t s  fo o t in g s  and con tr ibu t in g  to i t s  
c o l la p s e  .
In  e a r t h q u a k e s ,  t h e  ground motion is  l i k e ly  to shake the 
f o o t i n g s  u n d e r n e a t h  the b u i ld in g ,  thereby co l la p s in g  the 
wa l l s .
Wood f r ame  b u i l d i n g s  ne e d  strong w a l l—t o —ground connec­
t i o n s ;  c o n c r e t e  b u ild in g s  need a s o l id  rock and/or poured 
con crete  foundation .
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COMMON PROBLEMS
T h e r e  a r e  a number o f  problems common to most types o f  housing 
in  T o n g a .  The f o l lo w in g  s e c t io n  d escr ibes  some o f  the more popular 
s t y l e s  and d e t a i l s  that have been id e n t i f i e d  as being dangerous in 
e i th e r  hurricanes or earthquakes.
A. R o o f  C o n f i g u r a t i o n : Many b u ild in g s  in Tonga u t i l i z e  a gable
r o o f  such as the one i l lu s t r a t e d  in the f ig u r e  below.
F or  both  hurricane and earthquake r e s is t a n c e ,  a hipped ro o f  such 
as that i l lu s t r a t e d  below is  p re fe r re d .
A g a b l e  r o o f  may be used, however, i f  the angle o f  in c l in a t io n  
o f  th e  r o o f  i s  a p p r o x i m a t e l y  30-40 , and i f  the r o o f  trusses 
a r e  a d e q u a t e l y  braced so that they do not c o l la p s e  when fo r ce s  
are app lied  along the lon g itu d in a l  axis  o f  the house,
NO YES
»
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and p r o v i d e d  t ha t  the gable is  s u f f i c i e n t l y  re in fo r ce d  so that 
i t  d o e s  n o t  f a i l  and co l la p s e  when pressures are exerted from 
e ith e r  an earthquake or a h u rr ican e .
The r o o f s  o f  f a l e s  a r e  w e l l - c o n f ig u r e d  and meet the re q u ire ­
me nt s  f o r  wi nd  r e s i s t a n c e .  H o w e v e r ,  in the other types o f  
h o u s i n g  t h e  r o o f s  a r e  o fte n  too  f l a t .  The lack o f  r o o f  truss 
r e i n f o r c i n g  and p o o r ly - b u i l t  gables are common to a l l  types o f  
t r a n s i t io n a l  b u i ld in g s .
MLM- S h a p e d  C o n f i g u r a t i o n s : An "L"-shaped b u ild in g  is  i l l u s ­
trated  below.
T h i s  c o n f i g u r a t i o n  presents s p e c ia l  problems in hurricanes when 
h i g h  w i n d s  c o n c e n t r a t e  in the center and are d e f le c te d  upward, 
l i f t i n g  the r o o fs  o f f  the b u i ld in g s .
In  earthquakes, th is  co n f ig u ra t io n  is  a lso  dangerous, e s p e c ia l ly  
i f  th e  h o u s e  i s  made o f  heavy m ateria l such as con crete  b lo ck .  
The p a r a l l e l  w alls  o f  the house are o f  unequal weight and length 
a n d ,  i n  an ea r th q u a k e ,  the house would tw ist  on i t s  foundation
and co l la p s e  inward.
V e r a n d a s : The manner  i n  w h i c h  a v e r a n d a  i s  c o n s t r u c t e d
a f f e c t s  t he  v u l n e r a b i l i t y  o f  a h o u s e .  I f  t h e  veranda is  
a t t a c h e d  t o  t h e  r o o f  s tru ctu re  and traps wind underneath, the 
e n t i r e  r o o f  can be l i f t e d  o f f  the house. A popular veranda and 
i t s  pattern  o f  f a i lu r e  are i l lu s t r a t e d  below.
I f  t h i s  co n f ig u ra t io n  is  to be used, the connections between the 
v e r a n d a  and w alls  and r o o f  s tru ctu re  must be designed in such a 
way t h a t  t h e  veranda can break away from the main s tru ctu re  o f  
the house without severe ly  damaging the re s t  o f  the house.
D. Lou ve  r s : U n l e s s  l o u v e r s  a r e  com p le te ly  sealed  o f f  during a
h u r r i c a n e ,  e x cess iv e  wind can enter the b u i ld in g ,  in creas in g  the 
upward pressures on the r o o f .
In t h e o r y ,  i t  should be p o s s ib le  to board up these areas be fore  
a h u r r i c a n e ,  e s p e c ia l ly  i f  adequate warning is  g iven . In prac­
t i c e ,  h o w e v e r ,  when a warning is  r e c e iv e d ,  wood becomes scarce  
and i t  may be d i f f i c u l t  t o  obta in  the m ateria ls  necessary to 
s e a l  o f f  t h e s e  a r e a s .  The id ea l  s o lu t io n  is  to i n s t a l l  storm 
shutters  which can be c losed  when a hurricane approaches.
When p l a c e d  o v e r  a r e l a t i v e l y  a i r t ig h t  window, storm shutters  
a r e  an id ea l  adaptation  to a hurricane environment. The drawing 
b e l o w  i l l u s t r a t e s  t h e  p r i n c i p l e s  beh ind  th e ir  use . When a 
h u r r i c a n e  t h r e a t e n s ,  t h e  s t o r m  s h u t t e r  i s  c lo sed  over the 
wi nd o w.  The shutter p ro te c ts  the opening from f ly in g  debris  and 
th e  downward angle o f  the panels prevents ra in  from en ter in g  the 
window.
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Open S p a c e s : Many houses  in the rural areas leave open space
b e t w e e n  t h e  r o o f  and w a l ls .  This allows a ir  to enter the house 
f o r  c o o l i n g  purposes. But during high winds th is  space permits 
e x c e s s i v e  amounts  o f  wind to enter the house and in creases  the 
outward pressure on the w alls  and r o o f .
The b e s t  s o lu t i o n  to th is  problem is  to seal the eave as i l l u s ­
tra ted  below.
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VULNERABILITY ANALYSIS OF THE BASIC CONSTRUCTION TYPES
A. T ra d it io n a l  Fales
Few t r a d i t i o n a l  Tongan houses, or f a l e s ,  are s t i l l  found except 
on th e  more  r e m o t e  ou ter  i s la n d s .  I t  is  unfortunate that the 
a r c h i t e c t u r a l  s t y l e  has  not been re ta in e d ,  fo r  the design is  
p a r t i c u l a r l y  w ell-adapted  to the Tongan clim ate and environment, 
and when p r o p e r l y  b u i l t  i t  i s  a s tron g , hurricane r e s is ta n t  
des ign .
1. Cons t r uc  t i  on : I n  t r a d i t i o n a l  f a l e s ,  four  strong wood
c o r n e r  p o s t s  are set in the ground and a wooden r o o f  frame 
i s  e r e c t e d  on top o f  the p o s ts ,  extending beyond the center 
p o s t s .  S m aller  wall posts  are attached to create  the main 
b u ild in g  frame.
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Mats  made o f  wo v e n  baamboo or reeds are attached between 
th e  c o r n e r  p o s t s  t o  make t h e  w a l l s .  Th e s e  are o ften  
s u p p o r t e d  by sm all  v e r t i c a l  posts  which help  to r e in fo r c e  
th e  w a l ls  in the ce n te r .  T r a d i t io n a l ly ,  the house is  bound 
t o g e t h e r  w i t h  r o p e s  made f r o m c o c o n u t  f i b e r  or other 
n a t u r a l  m a t e r i a l s ,  but in recent years con stru ct ion  wire 
h a s  b e e n  u s e d .  I n  many o f  th e  newer f a l e s ,  n a i ls  have 
rep laced  the b in d in g .
2. R o o f : F a l e s  n orm a lly  have a thatched r o o f  made from pan-
danus  ( o r ,  in a few ca se s ,  palm le a v e s ) .  Almost a l l  r o o fs  
a r e  h i g h  and us e  a u n i q u e  ( 4 - s i d e d )  co n f ig u ra t io n  with 
r o u n d e d  e n d s .  I n  r e c e n t  yea rs ,  many thatched ro o fs  have 
been rep laced  by corrugated iron  ( C . I . )  sh eets .
3. S i z e : Fales average about 25 x 60 f e e t .
4.  V u l n e r a b i  l i  t y  : Many o f  the o ld er  fa le s  are qu ite  s tron g ,
e s p e c i a l l y  t h o s e  t h a t  f o l l o w  t r a d i t i o n a l  con stru ct ion  
m e t h o d s  and bind the b u i ld in g s  together  with rope or w ire .  
The c o n f ig u r a t io n  o f  fa le s  is  s tron g , and the co n f ig u ra t io n  
and p i t c h  o f  the r o o f  are e x c e l l e n t .  The center posts  are 
n o r m a l l y  l a r g e  and bu ried  s u f f i c i e n t l y  to r e s i s t  u p l i f t ;  
and t h e  o u t e r  w a l l  p o s ts  tend to anchor the b u ild in g s  at 
the w a l l s .
The ne we r  f a l e s  t h a t  u s e  n a i l s  a r e  very vu lnerab le  to 
h u r r i c a n e s  b e c a u s e  n a i l s  have in s u f f i c i e n t  f r i c t i o n  and 
s t r e n g t h  t o  r e s i s t  the pressures on the j o in t s  caused by 
h u r r ic a n e s .
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5. O t h e r  Weak P o i n t s : The weak poin ts  o f  the fa le s  are the
c o n n e c t i o n s  between the r o o f  and center p o s ts ,  the r o o f  and 
th e  o u t e r  p o s t s ,  and d e te r io r a te d  wall p o s ts .  Other weak 
p o i n t s  w h i c h  a l l o w  e x c e s s i v e  amounts o f  a ir  to enter a 
b u i ld in g  during a storm are the doors and windows.
6. M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : In order to improve
th e  wi nd  r e s i s t a n c e  o f  f a l e s ,  the fo l lo w in g  a c t ion s  are 
necessary :
a . Emergency measures
-----The r o o f - t o - w a l l  c o n n e c t io n s  should be streng­
t h e n e d  by using metal straps or wire to help  bind 
th e  r o o f  t o  t he  w a l l s ,  e s p e c ia l ly  at the corner 
p o s t s .
----- Chec k  a l l  c o n n e c t i o n s  in the r o o f  s tructure  to
e n s u r e  t h a t  they are properly  bound. Next place 
a d d i t i o n a l  h e a v y  v e r t i c a l  posts  in the cen tra l  
p o r t i o n  o f  t h e  w a l l s  and bind them to the ro o f  
fram e.
-----  Board up the windows.
----- Throw r o p e s  o r  n e t s  o v e r  t h e  r o o f  and anchor
secu re ly  to the ground.
----- I n s t a l l  c r o s s - b r a c e s  o f  wire between the center
columns o f  the b u i ld in g  and the outer wall p o s ts .
b . P rogress ive  upgrading measures
----- Replace corner posts  that are r o t t e n .
----- Use wood t r e a t m e n t  f o r  a l l  parts o f  the house
that are placed on or in the ground.
----- The p r i m a r y  c o l u mn s  ( c e n t e r  p o s t s  and outer
c o l u m n s )  should be buried a minimum o f  36 inches 
and should use some form o f  anchoring d e v ice .
The h u r r i c a n e  r e s i s t a n c e  o f  f a l e s ,  i f  properly  b u i l t  and 
r e i n f o r c e d ,  i s  m o d e r a t e  . S tructural performance can be 
i m p r o v e d  a l t h o u g h ,  due t o  the type o f  co n s tr u c t io n ,  the 
b u i l d i n g  cannot be made a i r t ig h t  or s u f f i c i e n t l y  strong to 
w i t h s t a n d  e x t r e m e l y  high winds (over 100 mph) and s t ru c ­
t u r a l  damage can s t i l l  be expected . I f  a l l  the b a s ic  ru les  
a r e  fo l l o w e d ,  however, a su b stan tia l  improvement in p e r f o r ­
mance can be a t ta in e d .
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Even t h o u g h  e x t e n s i v e  s t r u c t u r a l  damage may re su lt  from 
h u r r i c a n e s ,  the p o te n t ia l  o f  serious  in ju ry  r e s u lt in g  from 
c o l l a p s e  o f  these b u i ld in g s  is  r e la t i v e ly  minor. They are 
l i g h t w e i g h t  s t r u c t u r e s  a n d ,  b e c a u s e  t h e y  a r e  wo ve n  
t o g e t h e r ,  c o m p o n e n t s  w i l l  n o t  come f ly in g  o f f  to cause 
major harm to occupants.
7. M o d i f i c a t i o n s  f o r  E a r t h q u a k e  R e s i s t a n c e : In terms of
v u l n e r a b i l i t y  t o  ea rth q u ak es ,  fa le s  are r e la t i v e ly  saf e .  
The p r in c ip a l  problem is  the cen tra l  columns. In a s tron g -  
m o t i o n  earthquake, the columns may not have enough v e r t i c a l  
r e s i s t a n c e  t o  s t a b i l i z e  t h e  s t r u c tu r e  and co l la p se  may 
r e s u l t .  By f o l l o w i n g  the recommendations ou t l in ed  above, 
th e  e a r t h q u a k e  r e s i s t a n c e  o f  fa le s  can be su b s ta n t ia l ly  
in c r e a s e d .
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B. Modern Fales (Wood Frame with C. I .  Sheet W alls)
F a l e s  w i t h  C . I .  s h e e t  w a l l s  were once a popular t r a n s i t io n a l  
b u i l d i n g ,  a l t h o u g h  o n l y  a f e w a r e  s t i l l  b u i l t  each year. 
S e v e r a l  h a v e  b e e n  expanded in  an in te r e s t in g  v a r ia t io n  on the 
b a s ic  s t y l e ,  as shown below.
1. C o n s t r u c t i o n : The frame fo r  a modern fa le  is  the same as
f o r  a t r a d i t i o n a l  b u i l d i n g .  The s ides  are made o f  C .I .  
(corrugated  iro n )  sheets instead o f  t r a d i t io n a l  mats.
2. R o o f  : The r o o f  i s  a l s o  covered with C .I .  sheets and the
t r a d i t io n a l  co n f ig u ra t io n  is  m aintained.
3. S iz e : Sizes average 20 x 50 f e e t .
4.  V u l n e r a b i  l i  t y  : The mo s t  common damage caused by high
w i n d s  i s  l o s s  o f  C . I .  s h e e t s .  In houses with louvered 
w i n d o w s ,  damage may be c a u s e d  by d i f f e r e n t i a l  pressure 
p u s h i n g  o u t  on t h e  w a l l s  u n t i l  the C .I .  sheets separate 
from the p o s ts .
Most  mo d e r n  f a l e s  a r e  a n c h o r e d  t o  the ground by large 
c e n t e r  and w a l l  p o s t s .  They provide enough strength to 
hold  the b u i ld in g s  down in high winds.
5. O t h e r  Weak P o i n t s : T y p i c a l  weak po in ts  are the connec­
t i o n s  b e t w e e n  r o o f  sheeting  and r o o f  t ru s s e s ,  connections 
b e t w e e n  r o o f  t r u s s e s  and wal l s ,  and connections between
C .I .  sheets and w all p o s ts .
6 . M o d i f i c a t i o n s  f o r  Wind R e s is ta n ce : The fo l lo w in g  a ct ion s
a r e  n ecessary  in order to improve s tru c tu ra l  performance in 
high winds:
a . Emergency measures
----- Use mor e  n a i l s  to secure the C .I .  sheets to the
r o o f  frame and w all t r u s s .
----- Use m e t a l  s t r a p s  t o  s e c u r e  r o o f  t r u s s e s  to
wa l l s .
----- S e a l  t h e  eaves o f  the house to prevent wind from
entering  under the overhang.
----- Board up windows during periods o f  high wind.
b . P rogress ive  upgrading measures
----- P l a c e  d ia g o n a l  braces at the corner o f  the frame
to hold  the w all posts  to g e th e r .
----- A n c h o r  t he  stru ctu re  secu re ly  by p la c in g  anchor­
ing d ev ices  on a l l  outer w all columns.
I f  t h e s e  recom m endations are ca rr ied  ou t ,  the wind r e s i s ­
t a n c e  o f  t h i s  t y p e  o f  s t r u c t u r e  w i l l  be su b s ta n t ia l ly
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i n c r e a s e d .  I f  p rop er ly  b u i l t ,  a modern fa le  w i l l  provide 
moderate sa fe ty  in h u rr ican es .
7. M o d i f i c a t i o n s  f o r  Earthquake R e s is ta n ce : The earthquake
r e s i s t a n c e  o f  m e t a l  fa le s  is  very good; by fo l lo w in g  the 
r e c o m m e n d a t i o n s  a b o v e ,  t h e  m a r g i n  o f  s a f e t y  w i l l  be 
i n c r e a s e d .  The only major type o f  damage that should occur 
in  an e a r t h q u a k e  is  c o l la p s e  o f  the structure  at the base 
due t o  d e te r io r a t io n  o f  wood columns. Diagonal bracing  and 
t re a tm e n t  o f  a l l  wood in or on the ground would make earth ­
quake damage almost n e g l i g i b l e .
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c. T ra n s it ion a l  B uild ings
1. C o n s t r u c t i o n : R e c t a n g u l a r  s tru ctu res  with w alls  made o f
wood posts  covered with t r a d i t io n a l  mats are among the most 
p o p u l a r  b u i ld in g  types found in  rura l Tongan v i l l a g e s .  The 
h o u s e s  o f f e r  t h e  a d v a n t a g e s  o f  ease in con stru ct ion  and 
s u i t a b i l i t y  t o  the c l im a te .  I f  properly  maintained, they 
w i l l  l a s t  f o r  severa l years and can be upgraded by r e p la c ­
ing the mats with boards.
2. R o o f : C o r r u g a t e d  i r o n  s h e e t s  are  used most o f t e n ,  but
some r o o f s  a r e  made o f  pandanus th atch . The most popular 
co n f ig u ra t io n  is  a tw o-sided  (g a b le )  r o o f .
3. S i z e : Sizes vary from 12 x 15 fe e t  to 15 x 30 f e e t .
4.  V u l n e r a b i l i t y : The mo s t  common damages caused by high
w i n d s  are r o o f  separation  and d e s tru c t io n  o f  the wa l l s .  In 
h o u s e s  w i t h  mat w i n d o w s ,  e x c e s s i v e  wind may enter the 
b u i l d i n g ,  pushing out on the opp os ite  w a lls  u n t i l  p ort ion s  
r ip  away.
The h o u s e s  a r e  anchored to the ground by the corner posts 
o f  th e  frame. I f  the posts  are not buried f a i r l y  deep, the 
h o u s e  w i l l  be i n s u f f i c i e n t l y  anchored, and in hurricanes 
the posts  w i l l  be l i f t e d  out o f  the ground.
5. M o d i f i c a t i o n s  f o r  Wind R e s is ta n ce : The fo l lo w in g  a c t io n s
a r e  n e c e s s a r y  i n  o r d e r  to improve the s tru c tu ra l  p e r f o r ­
mance o f  t r a n s i t io n a l  houses in high winds:
a . Emergency measures
----- I f  C . I .  sheets are used, use more n a i ls  to secure
the sheets to the r o o f  frame or t r u s s .
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b .
----- Use m e t a l  s t r a p s  t o  secure the r o o f  trusses  to
the w a l ls .
----- Put d i a g o n a l  b r a c e s  i n  t h e  r o o f  frame at the
c o r n e r s .
----- Board up windows during periods  o f  high wind.
—  Place wire c r o s s -b ra ce s  between the corner p o s ts .
P rogress ive  upgrading measures
----- Change  g a b l e d  r o o f s  to a hipped r o o f  con f ig u ra ­
t io n  when re th a tch in g .
----- Increase the p itch  o f  the r o o f .
----- P l a c e  d iagonal braces on top o f  the frame at each
corner to t i e  the w alls  to g e th e r .
----- A n c h o r  t h e  s tru ctu re  secu re ly  by rep la c in g  small
corner posts  with lon g er ,  heav ier  p o s ts .
I f  t h e s e  recom m endations are ca rr ied  ou t ,  the wind r e s i s ­
t a n c e  w i l l  s t i l l  be f a i r l y  poor . This type o f  s tructure  
can  o n l y  p r o v i d e  moderate sa fe ty  in h u rr ica n es .  However, 
c o l la p s e  is  not l i k e ly  to  cause ser iou s  in ju r y .
6. M o d i f i c a t i o n s  f o r  Earthquake R e s is ta n ce : The earthquake
r e s i s t a n c e  o f  t r a n s i t i o n a l  h o u s e s  is  very good and, by 
f o l l o w i n g  t h e  recommendations above, the margin o f  sa fe ty  
w i l l  be  i n c r e a s e d .  The o n l y  m ajor type o f  damage that 
s h o u l d  o c c u r  i n  an e a r t h q u a k e  would be co l la p s e  o f  the 
s t r u c t u r e  a t  t h e  base due to i n s u f f i c i e n t  v e r t i c a l  r e s i s ­
tance o f  the corner p o s ts .
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D. Wood Frame Construction
Wood f r ame  h o u s e s  a r e  popular in Tonga. Most people consider  
t h e s e  b u i l d i n g s  to be "modern" even though severa l designs are 
o v e r  25 y e a r s  o l d .  P o p u l a r i t y  may in crease  i f  econom ically  
a t t r a c t i v e  t i mb e r  from F i j i  becomes more a v a i la b le  in the mid- 
1 9 8 0 ' s .  The h o u s e s  o f f e r  the advantages o f  ease in b u ild in g  
a d d i t i o n s  and s u i t a b i l i t y  to the c l im a te .  I f  properly  main­
ta in ed , they w i l l  la s t  fo r  many yea rs .
1. C o n s t r u c t  i o n : T h e r e  a r e  many v a r ia t io n s  o f  wood frame
h o u s e s ,  r a n g i n g  from small one-room b u ild in g s  on concrete  
p i e r s  t o  wood p a n e l  b u i l d i n g s  a n c h o r e d  t o  c o n c r e t e  
f o u n d a t i o n s .  Some o f  the more popular designs are shown 
below.
2. R o o f : The p r e f e r r e d  r o o f  covering  fo r  wooden houses is
C . I .  s h e e t s .  The m a j o r i t y  o f  r o o fs  are gabled , although 
many use a hipped co n f ig u r a t io n .
3. S iz e : Sizes vary from 12 x 15 fe e t  to 20 x 50 f e e t .
4.  V u l n e r a b i l i t y : The mo s t  common damage caused by high
wi n d s  is  r o o f  sep a ra t ion . In houses with louvered windows, 
damage may be caused by d i f f e r e n t i a l  pressure pushing out 
on the w alls  u n t i l  boards separate from the columns.
Many wood f r a me  h o u s e s  r e s t  on short concrete  posts  or 
p i e r s  o r  a r e  a n c h o r e d  t o  t he  ground only by the corner 
p o s t s  o f  t h e  f r a m e .  T h i s  is  i n s u f f i c i e n t  anchorage fo r  
h u r r i c a n e s ,  and t he  houses w i l l  be l i f t e d  o f f  the ground 
and toppled  over .
5. O t h e r  Weak P o i n t s : T y p i c a l  weak p o i n t s  o f  wood frame
h o u s e s  a r e  t he  connections between r o o f  sheeting and r o o f  
t r u s s e s  ( mo s t  n a i l s  a r e  t oo  s ho r t ) ,  connections between 
r o o f  t r u s s e s  and w a l l s ,  and c o n n e c t i o n s  b e t we e n  the 
b u i ld in g  and the ground.
6. M o d i f i c a t i o n s  f o r  Wind R e s is ta n ce : The fo l lo w in g  a ct ion s
a r e  n e c e s s a r y  i n  o r d e r  to improve the s tru c tu ra l  p e r f o r ­
mance o f  wood frame houses in high winds:
a . Emergency measures
----- Use more, and lon ger ,  n a i ls  to secure the ro o f in g
sheets to the r o o f  frame or tru s s .
----- S e a l  t h e  area  beneath houses on p iers  with rocks
and mud to prevent u p l i f t .
----- Use m e t a l  s t r a p s  t o  secure the r o o f  trusses to
the w a l ls .
----- S e a l  t h e  eaves o f  the house to prevent wind from
entering  under the overhang.
----- Board up windows during periods o f  high wind.
b . P rogress ive  upgrading measures
----- Change  g a b l e d  r o o f s  to a hipped r o o f  con f ig u ra ­
t i o n .
----- Increase the p itch  o f  the r o o f ,  i f  necessary .
----- P l a c e  d iagonal braces on top o f  the frame at each
corner to t i e  the w alls  to g e th e r .
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A n c h o r t he
u s e d , t y p e
i n  s t a 1 l e d  .
f o u n d a t i o n
between the
s t r u c t u r e  s e c u r e l y .  I f  p iers  are 
s w i t h  a n c h o r i n g  d e v i c e s  should be 
I f  wood p a n e l s  a r e  b o lted  to the 
s ,  s t e e l  w a s h e r s  s h o u l d  be placed 
nut and the wood frame.
I f  t h e s e  recom m endations are ca rr ied  ou t ,  the wind r e s i s ­
t a n c e  f o r  th is  type o f  s tru ctu re  w i l l  be su b s ta n t ia l ly  in ­
c r e a s e d .  I f  p r o p e r ly  b u i l t ,  wood frame b u ild in gs  provide 
moderate sa fe ty  in h u rr ican es .
7. M o d i f i c a t i o n s  f o r  Earthquake R e s is ta n ce : The earthquake
r e s i s t a n c e  o f  wood frame housing is  very good and, by f o l ­
l o w i n g  the recommendations above, the margin o f  sa fe ty  w i l l  
be i n c r e a s e d .  The o n l y  major type o f  damage that should 
o c c u r  i n  an earthquake would be c o l la p s e  o f  s tru ctu res  on 
p i e r s  due to f a i lu r e  o f  the connections to hold  the b u i ld ­
in g .
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E. Concrete Block Construction
I f  p r o p e r l y  b u i l t ,  a c o n c r e t e  b lo ck  house can withstand the 
f o r c e s  o f  both earthquakes and windstorms and is  a safe  form o f  
c o n s t r u c t i o n .  I f  improperly b u i l t  and r e in fo r c e d ,  th is  type o f  
c o n s t r u c t i o n  i s  t h e  mo s t  d a n g e r o u s .  The most popular b lock  
house is  i l lu s t r a t e d  below.
1. C o n s t r u c t i o n : The s t r e n g t h  o f  a b lock  house depends on
th e  amount  o f  re in forcem ent at the co rn ers ,  the amount o f  
v e r t i c a l  and h o r i z o n t a l  r e i n f o r c i n g  in the wa l l s ,  the 
s t r e n g t h  o f  t h e  f o u n d a t i o n ,  and w h e t h e r  the house is  
p r o p e r l y  b a l a n c e d .  I d e a l l y ,  r e in fo r c in g  rods are placed 
v e r t i c a l l y  in the corners and w alls  at no more than 18-inch 
i n t e r v a l s .  At the top o f  the w alls  a r in g  beam is  made o f  
p o u r e d  c o n c r e t e .  F o u n d a t i o n s  a r e  made by cementing a 
c o u r s e  o f  b l o c k s  s l i g h t l y  below ground on which the w alls  
r e s t .
2. R o o f : The r o o f s  o f  c o n c r e t e  b l o c k  houses in Tonga are
c o v e r e d  wi t h  C. I .  sh eets .  The sheets are attached to wood 
p u r l i n s  t h a t  a r e  fastened to trusses  held  on the w alls  in 
two w a y s .  In t he  f i r s t ,  a p ort ion  o f  the s t e e l  rods used 
in  th e  r e i n f o r c i n g  columns is  l e f t  protruding out o f  the 
r i n g  beam. A board p la te  is  la id  on top o f  the beam with a 
h o l e  d r i l l e d  fo r  the rod to pass through. The rod is  bent 
o v e r  t o  h o l d  t h e  p l a t e  down. The r o o f  trusses  are then 
attached to the p la t e .
In th e  second method, b o l t s  are imbedded in the cement when 
th e  r i n g  beam i s  p o u r e d .  The p la te  is  then attached by 
b o l t i n g  i t  down.  Of  t h e  two m e t h o d s  t h i s  l a t t e r  i s  
s t r o n g e r ,  e s p e c i a l l y  i f  washers are used between the wood 
and the n u t .
R o o f s  a r e  " s h e d "  ( f l a t ,  s lop in g  r o o f ) ,  gabled and hipped 
c o n f ig u r a t io n s .
3. S i z e : C o n c r e t e  b l o c k  houses vary in s i z e .  The sm allest
a r e  a p p r o x i m a t e l y  12 x 20 f e e t ,  with the average being 
approximately 15 x 30 f e e t .
4.  V u l n e r a b i l i t y : The p r i n c i p a l  damages to con crete  b lock
h o u s e s  o b s e r v e d  a f t e r  recent hurricanes are separation  o f  
th e  r o o f  f r o m t h e  w a l l s  (due to a poor connection  o f  the 
r o o f  f r ame  to the w a l ls )  and, in some ca ses ,  damage caused 
by th e  wi nd  p u s h i n g  a g a i n s t  an u n r e in fo r c e d  or poorly  
r e i n f o r c e d  w a l l ,  c a u s i n g  c o l la p s e  due to e x cess iv e  wind 
pressure on the outer surface  o f  the wal l .
In c a s e s  wh e r e  h o u s e s  us e  l o u v e r e d  windows, ex cess iv e  
p r e s s u r e  c an  b u i l d  up in s id e  the house, usua lly  r e s u lt in g  
in  l o s s  o f  the r o o f .  Explosions occur only to very p o o r ly -  
b u i l t  s t r u c tu r e s .
5. O t h e r  Weak P o i n t s : Many b lo ck  houses in Tonga have large
ov e rh a n g in g  eaves . In high winds, the eaves trap excess iv e  
amo unt s  o f  wind underneath, crea t in g  u p l i f t  under the edge 
o f  th e  r o o f  and t h e r e b y  c o n t r i b u t i n g  to r o o f  damage or 
l o s s .
6. M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : In order to improve
th e  s t r u c t u r a l  p e r f o r m a n c e  o f  con crete  b lock  housing in 
high winds, the fo l lo w in g  a c t io n s  are necessary:
a . Emergency measures
----- Use m o r e ,  and l o n g e r ,  n a i ls  to attach  the C. I .
sheets to the r o o f  frame.
----- Seal the eaves o f  the r o o f .
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----- F a s t e n  the wooden r o o f  truss more secu re ly  to  the
r i n g  beam o f  the w alls  by using s p e c ia l  fa sten ers  
on each con n ect ion .
b . P rogress ive  upgrading measures
----- C o n v e r t  s he d  or  g a b l e d  r o o f s  to a hipped r o o f
c o n f ig u r a t io n .
----- Use a r o o f  p itch  between 3 0 -40 ° .
----- Reduce r o o f  overhangs.
I f  th e  recommendations ou t l in ed  above are incorporated  in to  
th e  des ign  o f  con crete  b lo ck  houses, the wind re s is ta n ce  o f 
th e  s t r u c t u r e s  w i l l  be e x c e l l e n t  and only minor damage 
should occur in windstorms.
7. M o d i f i c a t i o n s  f o r  Earthquake R e s is ta n ce : The recommenda­
t i o n s  above a lso  apply to co n s tr u ct io n  o f  earthquake r e s i s ­
t a n t  h o u s i n g .  In  o r d e r  t o  be earthquake r e s i s t a n t ,  the 
columns and r ing  beams must be r e in fo r c e d .
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ANALYSIS OF LOCAL BUILDING SKILLS
The s t r u c t u r a l  i n t e g r i t y  o f  a b u i ld in g  during windstorms and 
e a r t h q u a k e s  can o fte n  be s u b s ta n t ia l ly  improved simply by improving 
th e  q u a l i t y  o f  w o r k ma n s h i p  and d e t a i l i n g  when the b u i ld in g  is  
e r e c t e d .  In studying the co n stru ct ion  o f  Tongan housing, a number o f  
problems a f f e c t in g  the v u ln e r a b i l i t y  o f these s tru ctu res  were noted .
A. Carpentry S k i l l s
1. J o i n t s  : The ke y  problem in wood frame s tru ctu res  is  that
many o f  th e  j o i n t s  a r e  weak in terms o f  both design and 
f a s t e n i n g .  S tru ctu ra lly -im p ortan t  j o in t s  are o fte n  n a iled  
in  t e n s i o n  rather than in shear. When fo r ce s  are a p p l ie d ,  
the n a i l  w i l l  s l i p  out and the j o in t  w i l l  separate .
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2. S p l i c i n g :  The s p l i c i n g  o f  wood in wood frame con stru c­
t i o n  i s  a m a j o r  p r o b l e m.  Many s p l i c e s  are held  together 
w i t h  only a n a i l .  Few carpenters use j o in t s  that would add 
s t r e n g t h  t o  t h e  d e t a i l .  The fo l lo w in g  s p l i c e s  should be 
u sed :
In  p o l e  c o n s t r u c t i o n ,  many j o in t s  have i n s u f f i c i e n t  f r i c ­
t i o n  to strengthen the con n ect ion . The p lace  where a jo in t  
w i l l  be made should be carved f l a t  as i l lu s t r a t e d  below.
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3. I m p r o p e r  Use o f  B r a c i n g : S t r u c t u r a l  re in forcem ents in
th e  b u i l d i n g  f r ame  do n o t  p r o v i d e  a d e q u a t e  s tren gth . 
Common problems in c lu d e :
a. P l a c e m e n t  o f  b ra ce s  in tens ion  where they can e a s i ly  
se p a ra te .
b .  P l a c e m e n t  o f  b r a c e s  at angles which are i n s u f f i c i e n t  
t o  p r o v i d e  a d e q u a t e  r i g i d i t y  o r  r e s i s t a n c e ,  and 
p l a c e m e n t  o f  s u p p o r t s  in such a manner that they do 
not adequately d is t r ib u t e  loa d s .
c .  F a i l u r e  t o  u s e  b r a c e s  in c r i t i c a l  parts ( e . g . ,  c o r ­
ners )  o f  a b u i ld in g .
d. F a ilure  to use diagonal bracing  in gable r o o f s .
B. Problems in  Masonry C onstruction
The s t r e n g t h  o f  m asonry is  a fu n c t ion  o f  the alignment o f  the 
w a l l  ( b o t h  v e r t i c a l l y  and h o r i z o n t a l l y ) ,  the strength o f  the m ortar, 
and th e  s tre n g th  o f  the b lo c k s .  A number o f  fa u l t s  have been noted , 
in c lu d in g :
1. P o o r - q u a l i t y  b l o c k s : This is  usua lly  a re su lt  o f  lack o f
q u a l i ty  c o n tr o l  in the l o c a l  f a b r i c a t io n  o f  the b lo c k s .
2. P o o r  m o r t a r : T h e r e  i s  o f t e n  a tendency to reduce costs  
o f  th e  m o r t a r  by u s i n g  l e s s  c e me nt  i n  t he  mix. This 
r e d u c e s  t h e  s t r e n g t h  o f  the bond. L ikew ise, there is  a 
t e n d e n c y  t o  make t h e  mo r t a r  too  wet in order to make i t  
more  p l ia b le  and e a s ie r  to work w ith . This too reduces the 
bonding s tren gth .
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4.
5.
P o o r  c o n c r e t e  mi x  i n  the s tru c tu ra l  columns and b u ild in g  
p ie rs  .
Poor connections between in t e r i o r  and e x t e r io r  wa l l s .  
I n s u f f i c i e n t  mortar between b lo c k s .
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Unlevel masonry on each cou rse .6 .
7. I n s u f f i c i e n t  r e i n f o r c e m e n t  i n  p o u r e d  c o l u m n s ,  and 
i n s u f f i c i e n t  use o f  rebars placed in s id e  b lock  w a l ls .
8. Poor d e t a i l in g  around doors and windows.
9. Improper or i n s u f f i c i e n t  fou n dation s .
10. E x c e s s i v e  s p a n s  and q u e s t i o n a b l e  d e t a i l i n g  o f  l i n t e l s  
above windows.
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IV. VULNERABILITY REDUCTION STRATEGIES
V u l n e r a b i l i t y  re d u c t io n  measures include  four types o f  a c t i v i ­
t i e s :  em ergency measures to p ro te c t  e x is t in g  b u i ld in g s ;  p rogress ive
u p g r a d i n g  f o r  e x i s t i n g  b u i ld in g s ;  strengthening damaged bu ild in gs  
d u r i n g  r e p a ir ;  and improved design and co n stru ct io n  o f  new b u i ld in g s .  
B e c a u s e  o f  t h e  l a r g e  number  o f  b u i l d i n g s  damaged r e c e n t ly  by 
H u r r ic a n e  Isa a c ,  p r i o r i t y  should be given to the la st  two a c t i v i t i e s .
REPAIR OF DAMAGED BUILDINGS
P r o v i d i n g  in form ation  on how to s a fe ly  rep a ir  damaged bu ild in gs  
and how t o  s t r e n g t h e n  them during rep a ir  should be a top p r i o r i t y .  
In  th e  a f t e r m a t h  o f  any d i s a s t e r ,  b u i ld in g  rep a ir  w i l l  be the f i r s t  
r e c o n s t r u c t i o n  a c t i v i t y ,  and the government must act  qu ick ly  in order 
t o  e f f e c t  changes in b u i ld in g s  which w i l l  make them sa fe r  in the next 
hurricane  or earthquake.
R e p a i r  and strengthening o f  damaged b u ild in g s  requ ire  a v a r ie ty  
o f  p u b l i c  i n f o r m a t i o n  g u id e s  and te ch n ic a l  a s s is ta n c e .  The f i r s t  
body o f  in form ation  provided should help  homeowners to :
----- D e t e r m i n e  i f  i t  i s  s a f e  t o  r e b u i l d  a p a r t i c u l a r
s t r u c t u r e ;
----- D e t e r m i n e  i f  i t  is  econom ica lly  f e a s ib le  to reb u ild  a
p a r t ic u la r  s tru c tu re ;
----- D e t e r m i n e  what m o d i f ica t io n s  are necessary to make i t
s a f e r ;
----- He l p  c h e c k  f o r  other types o f  damage ( r o t ,  te rm ites ,
e t c . ) .
T h i s  inform ation  should be d is t r ib u te d  through the newspaper and 
t h r o u g h  l e a f l e t s  p r e p a r e d  by the M inistry  o f  Works. Some o f  the 
l e a f l e t s  s h o u l d  be handed out by the Commodities Board when people 
purchase b u i ld in g  m a te r ia ls .
The second body o f  in form ation  c o n s is t s  o f  d e ta i le d  in s t r u c t io n s  
on how to modify and strengthen b u i ld in g s .  This is  required  in order 
t o  h e l p  g u i d e  a c t u a l  r e c o n s tr u c t io n .  Emphasis should be p laced on 
how t o  r e p l a c e  damaged components; how to attach and strengthen key 
c o m p o n e n t s  and d e t a i l s  ( e . g . ,  w a l l s  at  the c o r n e r ) ;  the proper 
s e q u e n c e  f o r  r e p a ir ;  and how to b u i ld  a newer, sa fe r  r o o f  and attach 
i t  c o r r e c t l y .  B e c a u s e  most housing damage caused by hurricanes is  
r e l a t e d  t o  t h e  r o o f ,  s p e c ia l  emphasis should be given to sa fe  r o o f  
design  and co n s tr u c t io n .
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A. R e q u i r e m e n t s  and I n f o r m a t i o n  R e s o u r c e s ; The in form ation  
r e q u i r e m e n t s  f o r  rep a ir  and strengthening o f  damaged b u ild in gs  
i n c l u d e  l e a f l e t s ,  p o s t e r s ,  newspaper in s e r ts  and supplements, 
p a mp h l e t s ,  and b u ild in g  guides i l l u s t r a t i n g  how to carry out the 
actual r e p a ir s .
B. T e c h n i c a l  A s s i s t a n c e : A number o f  p e o p l e  s h o u l d  re c e iv e
t r a i n i n g  on how to c o r r e c t ly  rep a ir  damaged b u ild in gs  and how to 
d e m o n s t r a t e  t h e s e  t e c h n i q u e s  to persons re con stru ct in g  th e ir  
h o m e s .  T e c h n ic a l  a ss is ta n ce  should be a v a i la b le  on each is land  
that re ce iv ed  major damage.
C. I n f o r m a t i o n  D i s s e m i n a t i o n  M e c h a n i s m s : The most e f f e c t i v e
means  o f  c o m m u n i c a t i n g  i n f o r m a t i o n  on r e p a i r  o f  damaged 
b u i l d i n g s  i s  t h r o u g h  a c t u a l  demonstration o f  the techniques, 
s u p p o r t e d  by l e a f l e t s  t h a t  h e l p  those who viewed the demon­
s t r a t i o n  t o  r emember  the proper sequence o f  events and how to 
c o r r e c t l y  c a r r y  o u t  t h e  m o d i f i c a t i o n .  However, there is  no 
s u b s t i t u t e  fo r  te ch n ic a l  a s s is ta n c e ,  and s p e c ia l  emphasis should 
be g i v e n  t o  t r a i n i n g  a corps o f  people to work with homeowners 
and dem onstrate, on s i t e ,  how to rep a ir  and strengthen a damaged 
b u i ld in g .
O v e r a l l  r e s p o n s i b i l i t y  fo r  implementation o f  e f f e c t i v e  repa ir  
and r e c o n s t r u c t i o n  a c t i v i t i e s  should be assigned to the M inistry  o f  
Wo r k s .  The a r c h i t e c t ' s  o f f i c e  could  run a s e r ie s  o f  workshops and 
t r a i n  l o c a l  c o n t r a c t o r s  i n  how t o  i n s p e c t  and r e p a i r  damaged 
b u i l d i n g s ,  as  w e l l  as t ra in  th e ir  own s t a f f  in the outer is lan ds  in 
t h e s e  techn iques . Other agencies  that could  provide support in these 
a c t i v i t i e s  include  the U.S.  Peace Corps and severa l p r iva te  con stru c­
t io n  firms lo ca ted  in the country .
IMPROVED DESIGN AND CONSTRUCTION OF NEW BUILDINGS
I mp r o v e d  d es ign  and con stru ct ion  focu ses  on ensuring the sa fe ty  
o f  new h o u s i n g  by e n c o u r a g i n g  b u i l d e r s  t o  in corpora te  d is a s te r  
r e s i s t a n t  f e a t u r e s  in b u i ld in g s  as they are e r e c te d .  This requ ires  
c r e a t i n g  an awareness o f  the need to add these fea tu res  and deve lop ­
ment  o f  a r e s e r v o ir  o f  ta len t  and p u b lic  in form ation  on how to b u i ld  
s a f e l y .
Many new h o u s e s  w i l l  be b u i l t  as a re su lt  o f  Hurricane Isa a c .  
Some w i l l  be  b u i l t  under various hurricane re c o n s tru c t io n  programs, 
b u t  many w i l l  be  r e c o n s t r u c t e d  by fa m il ie s  with l i t t l e  other than 
f i n a n c i a l  a s s i s t a n c e .  I n  o r d e r  t o  p r e v e n t  a recurrence o f  the 
d i s a s t e r ,  i t  is  im perative that s p e c ia l  emphasis be given to d issem i­
nating in form ation  on how to b u i ld  hurricane re s is ta n t  housing .
The m e t h o d s  u s e d  to make new b u ild in g s  strong are o f te n  simple 
and u n c o m p l i c a t e d ,  and usua lly  add l i t t l e ,  i f  any, extra  cos t  when
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t h e y  a r e  r o u t in e ly  in corporated  during co n s tr u c t io n .  Design changes 
in c lu d e :
----- Changes in b u ild in g  c o n f ig u ra t io n .
----- Changes
----- Changes
----- Changes
in b u i ld in g  layou t, 
in r o o f  c o n f ig u ra t io n ,  
in r o o f  p i t c h .
----- Changes in ba lance .
----- Change s  i n  t h e  b u i l d i n g  d e s i g i l  s p e c i f i c a t i o n s  or
l a y o u t  wh i c h  in c r e a s e  strength and d u r a b i l i t y  and/or 
f a c i l i t a t e  r e in f o r c in g .
----- Modifying ce r ta in  d e t a i l s  to in crease  s tren gth .
----- Changes in design  o f  foundations and fo o t in g s .
C onstruction  improvements in c lu d e :
----- Improved q u a l i ty  o f  workmanship.
----- Improved use o f  b u i ld in g  m a te r ia ls .
----- Increased use o f  r e in fo r c in g  m ateria ls  and components.
----- Use o f  b e t t e r -q u a l i t y  m a ter ia ls .
----- Improved q u a l i ty  c o n t r o l .
A. R e q u i r e m e n t s  and In fo rm a t io n  R esources : The requirements and
i n f o r m a t i o n  r e s o u r c e s  fo r  improvement o f  new houses are essen­
t i a l l y  t h e  same as fo r  p rogress ive  upgrading, although the em­
p h a s i s  is  on a f f e c t in g  co n stru ct io n  be fo re  and during the b u i ld ­
i n g  p r o c e s s .  S p e c i f i c  p r o g r a ms  may have to be m odified  as 
a p p r o p r ia te .
B. C o o r d i n a t i o n : R e s p o n s i b i l i t y  f o r  e f f e c t i n g  improvements in
new con stru ct ion  should be assigned to the M inistry  o f  Works.
C. I n c e n t  i  ve  s : The mo s t  e f f e c t i v e  way to encourage improvement 
o f  new b u i ld in g  co n stru ct io n  is  by o f f e r in g  increased f in a n c ia l  
a s s i s t a n c e  t o  homeowners on the con d it ion  that d is a s te r  r e s i s ­
t a n t  c o n s t r u c t i o n  techn iques  be used. To a f f e c t  a l l  types o f  
h o u s i n g ,  t h e  g o v e r n m e n t  must  r e c o g n i z e  the need to provide 
f i n a n c i a l  a s s i s t a n c e  to those b u ild in g  outside  the formal con­
s t r u c t i o n  p r o c e s s  and d e v e lo p  appropriate  means o f  provid ing  
lim ited  funds in th is  s e c t o r .
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D. T e c h n i c a l  A s s i s t a n c e : A more comprehensive range o f  te ch n ica l
a s s i s t a n c e  and in form ation  is  required  to e f f e c t  improvement in 
new c o n s t r u c t i o n .  I n i t i a l  emphasis should be given to concrete  
b l o c k  and wood frame b u i ld in g s .  P rov is ion  o f  te ch n ica l  a s s i s ­
t a n c e  a t  t he  l o c a l  l e v e l  s h o u l d  be ca rr ied  out in the same 
manner  as f o r  p r o g r e s s i v e  u p g r a d in g ,  but increased emphasis 
s h o u l d  be  placed on tra in in g  c o n t r a c to r s .  S im p lif ied  plans and 
d r a w i n g s  s h o u l d  be d e v e l o p e d  f o r  fa m il ie s  to enable them to 
b u i ld  safe  con crete  b lo ck  and wood frame b u i ld in g s .
EMERGENCY MEASURES
Eme r g e n c y  me as ur e s  are immediate a c t io n s  taken to provide pro­
t e c t i o n  f r o m an i mmi n e n t  d a n g e r  s uc h  as a h u rr ican e . Emergency 
m e a s u r e s  f o c u s  on a c t i o n s  to ensure the sa fe ty  o f  persons w ith in  a 
h o u s e .  A c t i v i t i e s  s h o u l d  emphasize p r o te c t io n  o f  those l iv in g  in 
t r a d i t io n a l  and t r a n s i t io n a l  housing.
T h o r o u g h  p l a n n i n g  and p r e p a r a t i o n  are  required  in order to 
e f f e c t i v e l y  d issem in a te  the required  in form ation  when a d is a s te r  is  
im m in en t .  Preparedness planning in the housing se c to r  should be part 
o f  a c o m p r e h e n s i v e  s t r a t e g y  in c lu d in g  housing, evacuation and, i f  
n e c e s s a r y ,  e m e r g e n c y  s h e l t e r .  Some examples o f  emergency measures 
that can be taken are given in Appendix I I .
The requirements fo r  planning comprehensive emergency a c t i v i t i e s
a r e :
A. T h o r o u g h  p r e p a r e d n e s s  p lann ing . This includes  a review o f  the 
a c t i o n s  r e q u i r e d ,  the org a n iza t ion s  that w i l l  p a r t i c ip a t e ,  and 
th e  t o o l s  and e q u i p m e n t  n e c e s s a r y ,  and the form ulation  o f  a 
comprehensive plan to guide the response .
B. I d e n t i f i c a t i o n  o f  p u b l i c  in form ation  requirem ents. A v a r ie ty  
o f  me d i a  i s  r e q u i r e d  i n  ord er  to disseminate the inform ation 
t h o r o u g h l y  i n c l u d i n g  l e a f l e t s ,  p o s t e r s ,  p re -recorded  radio 
announcem ents, newspaper in s e r ts  and supplements. These must be 
d e s i g n e d  t o  show how t o  p r o t e c t  a house, reduce damage from 
b l o w i n g  d e b r i s ,  and r e d u c e  i n j u r y  in case a b u i ld in g  f a i l s .  
I n f o r m a t i o n  s h o u l d  a l s o  be a v a i la b le  to enable homeowners to 
d e t e r m i n e  f l o o d  or storm surge th re a t ,  and whether they should 
e v a c u a t e .  Fo r  t h o s e  who w i l l  evacuate , an evacuation plan is  
r e q u i r e d ,  and maps showing evacuation  routes must be prepared 
and d i s s e m i n a t e d  t o  appropriate  orga n iza t ion s  and news media. 
In  a d d i t i o n ,  route markings and equipment fo r  personnel must be 
p r e p a r e d  and p r e - p o s i t io n e d . In some ca ses ,  hurricane sh e lte rs  
may be  req u ired ,  and they must be designated and strengthened in 
advance.
c. T r a i n i n g  and t e c h n i c a l  a s s is t a n c e  f o r  l o c a l  emergency r e l i e f  
o f f i c i a l s  and o r g a n iz a t io n s . Not only must inform ation  on how 
t o  p r o t e c t  h o u s e s  be d is t r ib u te d  in advance, but a lso  a s u f f i ­
c i e n t  number  o f  p e o p l e  s h o u l d  be t r a in e d  in how to use the 
techniques and made a v a i la b le  to help  the p u b lic  on each is la n d .
D. I n f o r m a t i o n  d i s s e m i n a t i o n  m e c h a n i s m s . The most e f f e c t i v e  
means  o f  communicating in form ation  on p r o te c t io n  o f  b u ild in gs  is  
t h r o u g h  v i s u a l  m e d i a .  To a l im ited  e x ten t ,  newspapers can be 
h e l p f u l  i n  d is s e m in a t in g  th is  in form ation . More comprehensive 
i n f o r m a t i o n ,  how ever, w i l l  requ ire  h igh ly  i l lu s t r a t e d  b ook lets  
and l e a f l e t s .  A system fo r  d is t r ib u t in g  th is  inform ation  must 
be e s t a b l i s h e d  i n  advan ce , and the m ateria ls  fo r  d is t r ib u t io n  
must  be p r e - p o s i t i o n e d  fo r  rapid d i s t r ib u t io n  to these o u t le ts  
p r io r  to the occurrence o f  a d i s a s t e r .
O v e r a l l  r e s p o n s i b i l i t y  f o r  implementation o f  short-term  a c t i v i ­
t i e s  i s  n o r m a l l y  a s s i g n e d  t o  a government d is a s te r  preparedness 
a g e n c y  o r  c o m m i t t e e .  In Tonga, r e s p o n s ib i l i t y  was assigned to the 
N a t i o n a l  D isa s te r  Committee, but comprehensive preparedness measures 
had not yet been in s t ig a t e d .  In review ing and eva luating  the lessons 
f r o m Hu r r i c a n e  Isa a c ,  i t  is  hoped that the National D isaster  Commit­
t e e  can  in c o r p o r a te  e f f e c t i v e  preparedness measures in to  i t s  rev ised  
op era t ion s  plan .
PROGRESSIVE UPGRADING
The o v e r a l l  o b je c t iv e  o f  p rog ress iv e  upgrading is  to strengthen 
e x i s t i n g  h o u s i n g  t o  w i t h s t a n d  a hurricane or earthquake. A ctions 
f o c u s  on a c t i v i t i e s  which can be ca rr ied  out by the homeowner with 
m i n i m a l  f i n a n c i a l  and te ch n ica l  a s s is ta n c e ,  and which do not require  
e x t e n s i v e  r e c o n s t r u c t i o n  or m o d i f ic a t io n  o f  the e x is t in g  b u i ld in g .  
B e c a u s e  some o f  the measures may requ ire  a f in a n c ia l  input from the 
h o m e o w n e r s ,  a c t i v i t i e s  n o r m a l l y  concentrate  on formal houses and 
t r a n s i t io n a l  houses that are being upgraded to formal houses.
Examples o f  p rog ress iv e  upgrading measures are :
----- Changing the co n f ig u ra t io n  o f  a r o o f .
----- Reducing r o o f  overhangs.
----- Sealing the eaves.
----- Adding storm sh u tters .
----- I n s t a l l in g  or in creas in g  hurricane straps in the r o o f .
----- I n s t a l l in g  breakaway verandas.
----- I n s t a l l in g  braces in w alls  and co rn e rs .
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----- Improving fou n dation s .
----- Replacing d e te r io r a te d  wood.
----- Increasing  the number o f  w a ll -to -g rou n d  con n ect ion s .
----- R e p l a c i n g  s h o r t  p i e r s  w i t h  l o n g e r  p iers  that have
anchoring d e v ic e s .
The o b j e c t i v e  o f  upgrading is  to reduce the need fo r  replacement 
h o u s i n g  a f t e r  a d i s a s t e r .  To be s u c c e s s fu l ,  a c t i v i t i e s  should a lso  
improve l i v a b i l i t y  and reduce co s ts  o f  maintenance and op era t ion .
P r o g r e s s i v e  u p g r a d i n g  r e q u i r e s  a comprehensive approach and 
c o mmi t me nt  from many a g e n c ie s .  The Government o f  Tonga should f i r s t  
d e v e l o p  a p o l i c y  to guide the a c t i v i t i e s  and an appropriate  framework 
f o r  im plem entation. In a d d it io n ,  the government should designate one 
agency to serve as co o r d in a to r .
A. R e q u i r e m e n t  s : I n  o r d e r  t o  e n c o u r a g e  p e o p l e  t o  carry out
housing upgrading and m o d i f i c a t io n ,  the fo l lo w in g  are requ ired :
1. B u i l d i n g  P e r f o r m a n c e  S ta n d a r d s . To provide a framework 
f o r  d e t e r m i n i n g  which a c t io n s  are appropriate  fo r  the up­
g r a d i n g  o f  d i f f e r e n t  types o f  s t r u c tu r e s ,  minimum b u ild in g  
s t a n d a r d s  based on b u ild in g  performance and emphasizing the 
s a f e t y  o f  o c c u p a n t s  should be developed by the government 
f o r  a l l  t y p e s  o f  l o w - c o s t  h o u s i n g .  These w i l l  provide 
c r i t e r i a  t h a t  f in a n c ia l  in s t i t u t io n s  can use to determine 
w h i c h  i m p r o v e m e n t s  can be f u n d e d  by l o a n s ,  and t he  
s t a n d a r d s  w i l l  help  to  id e n t i fy  the c r i t i c a l  components and 
f e a t u r e s  o f  a d is a s te r  r e s is ta n t  b u i ld in g  fo r  each housing 
typ e .
C u r r e n t  b u i ld in g  codes can be used fo r  newer types o f  con­
s t r u c t i o n ,  e s p e c ia l ly  b lo ck  and wood frame houses. However 
t r a n s i t i o n a l  and t r a d i t io n a l  b u i ld in g s  are not covered , and 
e n f o r c e m e n t  o f  the e x is t in g  code on these types o f  housing 
is  not p r a c t i c a l .
2. F i n a n c i a l  A s s i s t a n c e  or Other I n c e n t iv e s . Some fa m il ie s  
w i l l  r e q u i r e  f in a n c ia l  a ss is ta n ce  to upgrade th e ir  houses. 
The governm ent should expand e x is t in g  loan programs to ac­
commodate demand. Specia l plans w i l l  be required  to handle 
requests from fa m il ie s  without c le a r  t i t l e  to th e ir  lands.
3. I n f o r m a  t i o n . I n  o r d e r  t o  both encourage and guide pro­
g r e s s i v e  u p g r a d i n g ,  a v a r i e t y  o f  in form ation  is  needed 
in c lu d in g :
a . I n fo r m a t io n  about how to decide  what m o d i f ica t io n s  are 
required  and p r a c t i c a l .
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b . Inform ation on where to obta in  a s s is ta n c e .
c .  A v a r i e t y  o f  m e d i a ,  e s p e c i a l l y  f i l m s  and h igh ly  
i l l u s t r a t e d  b o o k l e t s ,  to provide d e ta i le d  "how to do 
i t "  in form ation .
To h e l p  hom eow ners determine whether they need to upgrade 
t h e i r  homes  and what  t e c h n i q u e s  wo u l d  be p r a c t i c a l ,  a 
s i m p l e  " home t e s t "  can be devised  and dissem inated. This 
t e s t  would use a numerical grading system to help  determine 
how s a f e  t h e  b u i ld in g  i s ,  and i t  would show the homeowner 
how v u l n e r a b i l i t y  could  be reduced through the a d d it ion  of 
c e r ta in  components or fe a tu r e s .
4 . T e c h n i c a l  A s s i s t a n c e . Most people upgrading th e ir  houses 
w i l l  do so  on a s e l f - h e l p  b a s i s .  To ensure that upgrading 
i s  c a r r i e d  out in a c o r r e c t  manner, te ch n ica l  a ss is ta n ce  in 
th e  f o r m o f  a d v i c e  and dem onstrations should be re a d i ly  
a v a i la b le  on a l l  is la n d s .
5. D e v e l o p m e n t  o f  L o c a l  S k i l l s . Some h o u s i n g  im prove­
me nt s  w i l l  r e q u i r e  t h e  s e r v i c e s  o f  c o n t r a c to r s .  I t  is  
i m p o r t a n t  t h a t  the government provide tra in in g  to current 
b u i l d i n g  c o n t r a c t o r s  t o  e n a b l e  them to p a r t ic ip a te  in 
h o u s i n g  i m p r o v e m e n t  a c t i v i t i e s .  A c e r t i f i c a t i o n  program 
f o r  l o c a l  c o n t r a c t o r s  wo u l d  be a means o f  improving the 
s k i l l  l e v e l ,  as w ell  as ensuring that an adequate r e s e r v o ir  
o f  ta len t  is  developed .
B. C o o r d i n a t i o n  and I m p l e m e n t a t i o n : O verall r e s p o n s ib i l i t y  fo r
i m p l e m e n t a t i o n  o f  the upgrading o f  e x is t in g  bu ild in gs  should be 
a s s i g n e d  t o  a s in g le  agency. P o s s i b i l i t i e s  include  the Of f i c e  
f o r  D i s a s t e r  R e l i e f  & R econ stru ction  or the M inistry  o f Works. 
O t h e r  m i n i s t r i e s  o r  o r g a n i z a t i o n s  t h a t  c o u l d  p a r t ic ip a te  
in c lu d e :
C onstruction  D iv is io n ,  Commodities Board 
U.S.  Peace Corps 
Private Construction  Firms 
Tonga Development Bank
C. F i n a n c i a l  A s s i s t a n c e : New approaches should be developed fo r
p r o v i s i o n  o f  f i n a n c i a l  a ss is ta n ce  to homeowners fo r  upgrading 
t h e i r  h o m e s .  P r i m a r y  e m p h a s i s  s h o u l d  remain with e x is t in g  
f i n a n c i n g  programs and i n s t i t u t i o n s .  To enable a greater  number 
o f  p e o p le  to be served , the e l i g i b i l i t y  c r i t e r i a  fo r  small loans 
s h o u l d  be e x p a nd e d .  This may requ ire  loan guarantees from the 
g o v e r n m e n t  or other in s t i t u t i o n s .  Loans would be provided only 
f o r  those  improvements s p e c i f i e d  in the b u i ld in g  standards. For 
p e r s o n s  unable to ob ta in  loan s , a l te r n a t iv e  programs where they 
can  o b ta in  easy access  to m ateria ls  or cash should be developed .
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An e x a m p l e  w o u l d  be  a community se r v ic e  work program wherein 
p e o p l e  c o u l d  o b t a i n  c r e d i t s  toward purchase o f  m ateria ls  at 
d i s c o u n t  o r  s u b s i d i z e d  p r i c e s .  As a general p r in c ip le ,  pro­
v i s i o n  o f  d i r e c t  cash grants should be avoided .
D. T e c h n i c a l  A s s i s t a n c e : Some p r o v i s i o n s  fo r  making tech n ica l
a s s i s t a n c e  a v a i la b le  on a permanent bas is  should be e s ta b l is h e d .  
One me t h o d  t h a t  c o u l d  be t r ie d  is  to form a corps o f  b u ild in g  
i n s  p e c  t o r / i n s t r uc t o r s  to work with people b u i ld in g  new housing. 
The in s p e c t o r / in s t r u c t o r s  would not only provide advice  to those 
b u i l d i n g  o r  u p g r a d i n g  t h e i r  homes, but would a lso  work with 
l o c a l  c o n t r a c t o r s  t o  t ra in  and encourage them to p a r t i c ip a t e .  
The i n s p e c t o r / i n s t r u c t o r s  would maintain a l i s t  o f  c e r t i f i e d  
c o n t r a c t o r s  and help  homeowners determine what improvements are 
n e c e s s a r y  o r  p r a c t i c a l ,  as  w e l l  as  help  them to obta in  the 
appropria te  f in a n c ia l  and te ch n ic a l  a ss is ta n ce  req u ired .
The M in is try  o f  Public  Works is  cu rren tly  con s id er in g  adopting a 
c o m p r e h e n s i v e  b u i l d i n g  c o d e .  In the proposed code there are 
p r o v i s i o n s  f o r  b u i l d i n g  in sp e cto rs  that can e a s i ly  become the 
more " a c t i v e "  in s p e c t o r / in s t r u c t o r s  suggested above.
E. T e c h n i c a l  I n f o r m a t i o n  R e s o u r c e s : At  p r e s e n t  th ere  is  no
s i n g l e  r e p o s i t o r y  fo r  in form ation  regarding low -cos t  housing or 
th e  techniques and s k i l l s  requ ired  to maintain and upgrade these 
b u i l d i n g s .  The government should e s ta b l is h  reg ion a l  re fe ren ce  
l i b r a r i e s  f o r  b u i l d i n g  and co n s tr u ct io n  and should designate 
p e r s o n n e l  from the M in istry  o f  Works to work with housebuilders  
and demonstrate sa fe  co n s tr u c t io n  tech n iqu es .
1. A s m a l l  r e f e r e n c e  l ib r a r y  and p u b lic  in form ation  m ateria ls  
on a l l  t y p e s  o f  b u i ld in g  co n s tr u c t io n  in Tonga, includ ing  
b o t h  e n g i n e e r e d  and non-engineered s tru ctu res  and bu ild in g  
t e c h n i q u e s ,  should be e s ta b l ish e d  at each M inistry  o f  Works 
o f f i c e .
2.  A n a t i o n a l  h o u s i n g  re fe re n ce  l ib r a r y  that would be u se fu l  
t o  a r c h i t e c t s ,  e n g i n e e r s ,  p l a n n e r s ,  b u i l d e r s ,  pu b lic  
o f f i c i a l s ,  m ateria l s u p p l ie r s ,  or anyone in te re s te d  in any 
a s p e c t  o f  b u i l d i n g  co n s tr u c t io n  and human settlem ents in 
T o n g a ,  s h o u l d  be s e t  up i n  a c e n t r a l  l o c a t io n .  I t  is  
e s p e c i a l l y  i m p o r t a n t  t h a t  d a t a  be developed concerning 
h i s t o r i c  ( i . e . ,  pre-European c o n ta c t )  and to d a y 's  vernacu­
l a r  c o n s tr u c t io n  ( i . e . ,  popular s ty le s  that have evolved in 
the la st  few g e n e ra t io n s ) .
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V. RECOMMENDED COMPREHENSIVE VULNERABILITY REDUCTION ACTIVITIES
The f o l l o w i n g  a r e  s u g g e s t i o n s  f o r  comprehensive a c t i v i t i e s  
d e s i g n e d  to reduce v u ln e r a b i l i t y  o f  low -cos t  housing in Tonga. These 
a c t i v i t i e s  w i l l  e n c o u r a g e  sa fe r  co n stru ct io n  and e s ta b l ish  b e tte r  
b u i ld in g  methods as part o f  the normal b u i ld in g  p ro ce sse s .
The v u l n e r a b i l i t y  o f  low -cost  housing can be reduced. In teres t  
i s  h i g h  t h r o u g h o u t  the country and Hurricane Isaac has demonstrated 
th e  n e e d .  Th u s ,  a c t i v i t i e s  t o  r e d u c e  v u ln e r a b i l i t y  and improve 
housing can have su b stan tia l  impact.
ACTIVITIES
The f o l l o w i n g  a c t i v i t i e s  are recommended fo r  reducing vulnera­
b i l i t y :
A. Designate a coord in a t in g  agency .
B. E s t a b l i s h  a c o o r d i n a t i n g  committee to coord inate  te ch n i­
c a l  a s s i s t a n c e  and other inputs from the d i f f e r e n t  govern­
ment  and p r i v a t e  a g e n c i e s .  Members should include the 
M i n i s t r y  o f  Works ,  the Of f i c e  o f  D isaster R e l ie f  & Recon­
s t r u c t i o n ,  and t h o s e  m i n i s t r i e s  and f o r e i g n  agencies 
p a r t ic ip a t in g  in r e c o n s tr u c t io n .
C. P r e p a r e  minimum p e r f o r m a n c e  standards fo r  a l l  types of 
non-engineered and low -cos t  housing .
D. P r e p a r e  a c o m p r e h e n s i v e  s e t  o f  in s t r u c t io n a l  m ateria ls  
i n c l u d i n g  m ateria ls  necessary to tra in  the s t a f f ,  m aterials  
f o r  t r a i n i n g  c o n t r a c t o r s  and hom ebuilders , and general 
p u b l i c  i n f o r m a t i o n  m a t e r i a l s  t o  prom ote v u ln e r a b i l i t y  
r e d u c t i o n .  (A l i s t  o f  t h e s e  m a t e r i a l s  is  attached as 
Appendix I . )
E. C o n d u c t  w o r k s h o p s  f o r  h o u s e b u i ld e r s  in a l l  parts o f  the 
c o u n t r y .  Training should s t re s s  both how to rep a ir  damaged 
b u ild in gs  and how to b u i ld  sa fe r  new b u i ld in g s .
STRATEGIES FOR REDUCING COSTS TO HOMEOWNERS
In  o r d e r  t o  make h o u s in g  improvements a f f o r d a b le ,  a number o f 
c o s t  r e d u c t i o n  s t r a te g ie s  and in cen t iv es  should be ex p lo red , in c lu d ­
in g :
A. C o s t  R e d u c t i o n s : In  o r d e r  t o  e n a b l e  some fa m il ie s  to
p a r t i c i p a t e ,  the cost  o f  m ater ia ls  may have to be reduced. 
Pr o g r a m imp 1 em enters should id e n t i fy  those m ateria ls  that
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a r e  c r i t i c a l  and r e q u i r e  a d e c r e a s e  in c o s t ,  and then 
id e n t i fy  methods to reduce the c o s t s .  Methods may in c lu d e :
1. Payment o f  t ra n sp o rta t io n  c o s t s .
2. Local production  o f  components.
3. S u bs id ies .
B. M u l t i p l e  F i n a n c i a l  Approaches: F inancia l a ss is ta n ce  w i l l
be r e q u i r e d  t o  e n s u r e  that every group o f  people can r e ­
c e i v e  a s s i s t a n c e .  A balanced program with severa l d i f f e r ­
e n t  a p p r o a c h e s  i s  n e c e s s a r y .  P oss ib le  programs include 
l o a n  g u a r a n t e e s ,  s u b s i d i z e d  l o a n s ,  s o f t  l o a n s ,  and 
rev o lv in g  lo a n s .
C. C o o p e r a t i v e  A c t i v i t i e s : One o f  the best means o f  lower­
i n g  th e  c o s t  o f  h o u s i n g  is  f o r  fa m il ie s  to work coopera­
t i v e l y .  One method is  the form ation o f  a group o f  four or 
f i v e  f a m i l i e s  t o  h e l p  e a c h  o t h e r  b u i ld  or r e p a ir .  The 
f a m i l i e s  c o l l e c t i v e l y  pay fo r  the se rv ic e s  o f  a c e r t i f i e d  
c o n t r a c t o r  t o  s u p e r v i s e  th e ir  work. Construction  occurs 
s i m u l t a n e o u s l y ,  thereby lessen in g  the p o s s i b i l i t y  that one 
f a m i l y  would f a i l  to a s s is t  the others  once th e ir  house has 
b e e n  f i n i s h e d .  O t h e r  forms o f  coop era t ive  a c t io n  should 
a lso  be ex p lo red .
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APPENDIX I :
RECOMMENDED TRAINING AIDS AND PROMOTIONAL MATERIALS
S e v e r a l  s e p a r a t e  s e t s  o f  m ateria ls  are required  fo r  d i f f e r e n t  
a u d i e n c e s .  Many o f  these m ateria ls  are a lready  a v a i la b le  or can be 
q u i c k l y  adapted from e x is t in g  re so u r ce s .  Al so ,  many o f  the m aterials  
can  be u s e d  i n t e r c h a n g e a b l y  b e t w e e n  s e t s .  ( A s t e r i s k s  denote 
m ateria ls  that need to be d e v e lo p e d . ) .
MATERIALS FOR PUBLIC AWARENESS AND PROMOTIONAL ACTIVITIES
1. F i l m :  " B u i l d i n g  f o r  S a f e t y  in  Hazardous A re a s " : A 12-
1 /2  minute f i l m exp la in in g  how the fo r c e s  o f  hurricanes and 
e a r t h q u a k e s  damage h ou ses .  This f i lm  should be used fo r  
b o t h  p u b l i c  i n f o r m a t i o n  a c t i v i t i e s  and p ort ion s  o f  the 
i n s t r u c t i o n a l  program. The f i lm  uses animation to show how 
b u i l d i n g s  c o l l a p s e  and i l l u s t r a t e s  how d i f f e r e n t  bu ild in g  
fea tu res  and designs a f f e c t  performance.
*2 . Aud i  o - c a  s s e 11 e s f o r  R a d i o  Programs: A se r ie s  o f audio­
c a s s e t t e s  f o r  d i s t r i b u t i o n  to radio  s t a t io n s ,  d escr ib in g  
whe r e  and how t o  o b t a i n  te ch n ic a l  in form ation , should be 
prepared .
*3 . I n s p e c t i n g  and R e p a i r i n g  Yo ur  House: Pamphlet to help
f a m i l i e s  determine whether th e ir  houses can be econom ically  
r e p a i r e d  and s t r e n g t h e n e d .  The pam phlet should use a 
c h e c k l i s t  and numerical grading system to help  homeowners 
d e t e r m i n e  the r e la t iv e  sa fe ty  o f  a b u i ld in g ,  and i t  should 
h e l p  them d e t e r m i n e  the r e la t iv e  cost  o f  various repa irs  
t h e y  may be  c o n s i d e r i n g .  A s i m p l i f i e d  vers ion  o f the 
c h e c k l is t  may be produced and printed  in the newspaper.
MATERIALS FOR TRAINING CONTRACTORS AND HOMEBUILDERS
A. Training Aids f o r  Repairing E x is t in g  B uild ings
*4. How t o  R e p a i r  Wood Frame B u i ld in g s : Pamphlet to i l l u s ­
t r a t e  r e p a i r / r e c o n s t r u c t i o n  measures which can improve the 
s t r e n g t h  o f  wooden b u ild in g s  in h u rr ica n es .  Specia l empha­
s i s  s h o u l d  be p l a c e d  on r o o f  d e s ig n s ,  use o f  hurricane 
s t r a p s ,  and t he  p r o b l e m s  o f  p i e r s  and a n c h o r i n g  the 
b u i ld in g s .
*5 . How t o  R e p a i r  H o u s e s  Made o f  Concrete B lo ck : Pamphlet to 
g u i d e  h o me o wn e r s  i n  how t o  evaluate and repa ir  damages, 
p l a c i n g  s p e c ia l  emphasis on r e in fo r c in g  connections between 
the r o o f  and w alls  and how to assess  cracks in the w a l ls .
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B. Train ing Aids f o r  Design and C onstruction  o f  New Buildings
*6. I n s t r u c t o r ' s  M a n u a l : A manual  c o n t a i n i n g  se c t io n s  on
c o n s t r u c t i o n  t e c h n i q u e s ,  b u i ld in g  d e t a i l s ,  in s t r u c t io n a l  
t e c h n i q u e s  and g u i d e l i n e s  fo r  tra in in g  in clu d in g  how to 
p r e p a r e  a c l a s s ,  how to e f f e c t i v e l y  demonstrate b u ild in g  
d e t a i l s ,  and how to prepare course o u t l in e s  fo r  t o p ic s  not 
d i s c u s s e d .  S u g g e s t e d  course o u t l in e s  and c h e c k l is t s  fo r  
each c la s s  in a t ra in in g  program should be in c lu ded .
*7 . I n t r o d u c t i o n  t o  Wind R esistan t C onstruction : A Guide fo r
A g e n c i e s  i n  t h e  So ut h  P a c i f i c : Booklet to introduce the
b a s ic  concepts o f  wind r e s is ta n t  co n s tr u c t io n .
*8 . How t o  B u i l d  a S a f e  Wood Frame H o u s e : Pamphlet that
s h o u l d  be p r e p a r e d  to serve as a guide fo r  those b u ild in g  
new wood frame h ou ses .
*9 . How t o  B u i l d  a S a f e  Concrete Block House: Pamphlet that
s h o u l d  be p r e p a r e d  to serve as a guide fo r  those b u ild in g  
with con crete  b lo c k .
*10. T e c h n i q u e s  o f  C o n c r e t e  C on stru ct ion : Pamphlet to demon­
s t r a t e  c o r r e c t  t e c h n iq u e s  fo r  preparing and using cement 
and c o n c r e t e  ( c a n  be  p r e p a r e d  f r o m e x is t in g  m ateria ls  
a v a i la b le  from VITA and the Peace Corps).
*11. F l i p c h a r  t s : T r a i n i n g  aids to am plify  po in ts  made in the
v a r i o u s  b o o k l e t s ,  f o r  use by in s t r u c to r s  in the c la s s e s .  
T h e s e  charts should be prepared on c lo th  or p la s t i c  to make 
them more durab le .
C. Training Aids f o r  Upgrading E x is t in g  Build ings
*12. How t o  S t r e n g t h e n  T r a n s i t i o n a l  H o u s i n g : Pamphlet to
g u i d e  ow ners  o f  the d i f f e r e n t  types o f  t r a n s i t io n a l  houses 
in  how t o  c o r r e c t l y  s t r e n g t h e n  t h e i r  b u i l d i n g s .  The 
pamphl e t  should d iscu ss  the r e la t iv e  value o f  the d i f f e r e n t  
t y p e s  o f  m o d i f i c a t io n s  and r e t r o f i t t i n g  measures p o s s ib le ,  
and p r o v i d e  g u i d a n c e  i n  how to determine the s tru ctu ra l  
in t e g r i t y  o f  wooden components.
*13. How t o  S t r e n g t h e n  a F a le : Pamphlet to i l l u s t r a t e  simple
t e c h n i q u e s  f o r  im p ro v in g  hurricane and earthquake r e s i s ­
tance , to be developed fo r  owners o f  t r a d i t io n a l  f a l e s .
*14. How t o  S t r e n g t h e n  Wood Frame B u i l d i n g s : Pamphlet to
i l l u s t r a t e  r e t r o f i t t i n g  m e a s u r e s  t ha t  can improve the 
s t r e n g t h  o f  wo o d e n  b u i l d i n g s  i n  h u r r i c a n e s .  Special 
em ph asis  should be p laced on use o f  hurricane straps and on 
the problems o f  p ie rs  and anchoring the b u i ld in g s .
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i*15. How t o  S t r e n g t h e n  Houses Made o f  Concrete B lo ck : Pamphlet 
t o  gu ide  homeowners in how to reduce v u ln e r a b i l i t y ,  p la c in g  
s p e c i a l  emphasis on r e in fo r c in g  the connections between the 
r o o f  and w a l ls .
D. I n s t r u c t i o n a l  M a t e r i a l s  f o r  Emergency P ro te c t io n  o f  E x is t in g  
B uild ings
Many o f  th e  m a t e r i a l s  id e n t i f i e d  above can be used to provide 
h o me o wn e r s  with in form ation  on r e p a ir s ,  m o d if ica t io n s  or r e t r o ­
f i t s  t h a t  c an  be  c a r r i e d  out when a hurricane th reaten s . In 
a d d i t i o n ,  a s p e c ia l  pamphlet e n t i t l e d  "How to P rotect  Your House 
in  H u r r i c a n e s "  s h o u l d  be developed . This would be a guide to 
s i m p l e  im p rovem en ts  fo r  a l l  types o f  housing and would provide 
i n f o r m a t i o n  on how to p ro te c t  the b u i ld in g  and the s i t e ,  and how 
t o  d e t e r m i n e  whether or not a fam ily should evacuate to a sa fer  
a r e a .
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APPENDIX I I :
EMERGENCY MEASURES TO PROTECT SMALL BUILDINGS FROM HURRICANES
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APPENDIX I I I :
EXAMPLES OF DAMAGE TO HOUSES AFTER HURRICANE ISAAC
Inadequate connections 
between r o o f  and w a l ls .
Inadequate connections between 
r o o f  and w a l ls .
Inadequate connections 
between r o o f  and w a l ls ;
Poor masonry work;
Inadequate corner b racin g  
between w a l ls .
Inadequate n a i l in g  o f  
corrugated iron  ( C . I . )  
sheets to p u r l in s .
Inadequate connections between w a lls  and f l o o r .
Poor q u a l i ty  masonry 
work;
Inadequate r e i n f o r c e ­
ment ;
Inadequate connections 
between r o o f  and w a l ls .
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Inadequate connections 
between r o o f  and w a l l s ;
Inadequate connections 
between w alls  and 
foundation  p o s ts .
This man i s  hold ing  
a hurricane  strap  
that was connected 
up to  the w a ll  p la t e .  
Obviously there were 
not enough straps 
used .

